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ABSTRACT

With the aim of evaluating the potential of napping for facilitating

unimpaired continuous performance over long periods, four interrelated

studies were carried out: (1) 430 young adults were administered a spe-

cially developed questionnaire to elicit nighttime and daytime sleep pat-

terns. Parametric findings are reported. (2) Based on questionnaire

responses, supplemented by an extensive interview, individuals typical

of three response patterns werc selected: (a) replacement nappers--those

who use daytime sleep to make up for lost nighttime sleep, (b) appetitive

nappers--those who derive psychological benefit from daytime sleep re-

gardless of fatigue, and (c) confirmed non-nappers--those who avoid nap-

ping because they "feel worse afterwards than before.' A subsample of

33 individuals typical of these three groups took a one-hour afternoon nap

where physiological and psychological parameters were recorded. (3) These

subjects were subsequently requested to keep a 14-day sleep diary which

permitted a more detailed analysis of the relationship between daytime

and nighttime sleep. Several interesting and reliable differences between

these groups in the physiological nature of naps and the consequences of

napping were identified. (4) A collaborative study was carried out with

the University of Louisville Performance Research Laboratory to evaluate

the effectiveness of two short-term cognitive measures used in our past

research to assess the restorative effects of napping on performance.

Descriptors: Fatigue, Napping, Sleep, Performance, Sleep Efficiency,
Psychophysiology, EEG, Oral Temperature, Alpha Density



ACKNOWLEDGMENTS

The Unit for Experimental Psychiatry at the Institute of the

Pennsylvania Hospital and Univeisity of Pennsylvania is composed

of colleagues with diverse backgrounds and interests; without such

a group i'epresenting a variety of different skills, this research could

not have been undertaken. In particular, Mary R. Cook was respon-

sible for the analysis of the physiological data; Harvey D. Cohen

handled the instrumentation and running of the napping study;

Charles Graham served as liaison with the Louisville group and as

one of the experimenters in the napping study; Emily Carota Orne

dealt with the problems of subject selection and sleep diary question-

naires; and David A. Paskewitz served as consultant to the project

and initiated the descending subtractions task. The entire group

shared the task of developing the research design. The laboratory

staff whose role is always a difficult and particularly valuable one

consists of Na:,cy K. Bauer, Debra E. Berdan, Jeremy P. DeLong,

Virginia P. Derrickson, Eileen F. Grabiec, Harris S. Halpern, James

E. liamos, Mary Anne Iselin, John F. Kihistrom, Martin L. Korn,

Barbara B. Morris, JulieW. Mos Kowitz, Alexander M. vyers, Lani L.

Pyles, Joanne Rosellini, Mao U. Woglarski, Wayne G. Whitehouse,

and especially Barbara R. Wells who served as L)ne ol the scorers ot

the sleep staging, as well as Anthony Van Campen who was responsible

throughout for the supervision of the computer aiialysc, .



FOREWORD

In conducting the research described in this report

the investigators adhered to the Institutional Guide to

DHEW Policy on Protection of Human Subjects as outined

by the National Institute of Mental Health. Thf- Research

Review Committee of the Pennsylvania Hospital evaluates

the protocols of studies being conducted, the type of sub-

jects, method of recruitment, screening process, as well

as the risks, voluntary participation and the manner in

which informed consent is obtained. The procedures were

most recently reviewed and approved on November 27, 1974.
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IINTRODUCTION

Apoxmnetcaly one-third of our life is pl s l~ep. L

LI s S kimn n tr :ith the2 fe~eling of satis faction that follows aCA<' E

S lo- as pote the enartvating experiencc o-f ina reasingran iati

proqa~~i> ffiu Ity f ---staining uffcri, and the acute, a is' n'

ru~ e'enualv r1-ws from ai lack o)f sleep. Despite the: -bV!, L

mnportanca lee p has totr man and animal, the known deleturioo-s, f 7S

t sleep, i~r~ain nd the, apparently obvious rclatlonshib Lb-*twv --,,

s ~ p an.. vcrNy from tatigue, the p ecise physiological at- ec

bt( oughr ab aut ijvsi a;oj re.main obu -ure. Extensivwo researan a

.?O years, stimulaited. by the observation that sicpis neither a ,,as-iv,

r ai anitat y pienomenon, has produced consi.iarble informatia cc

thi, prccss iviout , however, bringing us iricia clbser t-)asern

i tae S ti1m! IV vhl, Sleep i S ne2 C lid

Tho-ugni the need f,), slecp is uibiqut tous, the manner i. Avtoch

sepis o)btalined andi the. rlituals surrOUnd ino. it 'a,, w jdel\. ~tlr

1 ai oinim t US leep rt juired foi wecll being is great- a mon; tiA -.,,iry

yceli:;, Stabil izes durig the middle years, and decl ines smv: . 1 I1

ag.Though general facts are well established, it is the individual

ditterences in sleep requirements that are of greatest interest. M10aINy

individuals lr( lbike to get along without any difficulty on less than 6

houirs of sleep i night, whl-AInohers bairely managec with 10. Since: these

U ifferences a ppear unrelated to body weight, s i:' r obvious metabtol t
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processes, it seems likely that,whatever necessary physiological

changes are wrought by sleep, individuals differ in the efficiency with

which they are capable of bringing about these changes.

The discovery of specific sleep stages and the demonstratinn

triat individuals selectively deprived of one stage are unable to replace

their deficit with another stage of sleep also suggests that specific

components of sleep are necessary for effective recovery from fatigue.

Clearly, however, sleep involves more than simply going through physi-

ological stages. Thus,it has been shown repeatedly that patients

suffering from insomnia may in fact have normal amounts of sleep--even

with an appropriate distribution of stages. Nonetheless, they complain w
that they have not slept, or they insist that they do not get enough sleep

and yearn for a good night's rest. These individuals know what they

mean by a good night's sleep; they only occasionally have this exper-

ience and bemoan the difficulty of getting it moro frequently. Clearly,

simply going through the physiological stages of sleep does not neces-

sarily bring about the rejuvenation which each of us hopes to experience

as we begin each day anew.

Considering the little we know about the basic reasons wbr sleep

is required and -he biological changes it is supposed to bring about,

it is hardly surprising that we lack reliable information about basic daily

sleep requirements, the kinds of sleep that are necessary, how the dele-

terious effects of long-term sleep deprivation can be minimized, and thet,

like. Th,,,';e (nd many related questions will lend themselves to r'adv



resolution only when the biology of sleep is elucidated. In the mean-

while, however, a nuttber of questions of both practical and theoretical

significance about the nature of sleep and its function in recoverinc from

fatigue can nonetheless be addressed. As we have pointed out previously,

all of the work exploring the effects of sleep deprivation has focused

primarily on the decrement in performance over time. Our interest, on

the other hand, has been in exploring the restorative functions of sleep,

in particular carefully controlled short periods of sleep.

While most individuals prefer periods of sleep extended over

several hours, preferably during the nighttime, there is considerable

anecdotal evidence about the effective use of short periods of sleep to

bring about rapid recovery from fatigue,thereby allowing the individual

to carry out difficult and demanding tasks for sustained periods without

sleep of the usual kind. Thomas Edison, for example, thought that his

invention of the light bulb would help eliminate one of mankind's mo!,t

extreme forms of overindulgence--nighttime sleep--presumably by doing

away with nighttime darkness! He was known to have worked for extended

periods of time, interrupted only by brief naps. Winston Churchill is

another outstanding example of an individual capable of sustained per-

formance over long periods of time, relying almost exclusively on napping

as a means of recovery from fatigue.

Napping behavior has received remarkably little attention on the

part of sleep researchers. Nonetheless it appears to us as ideally

suited to address the question of how individuals recover from fatigue.
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There are wide individual differences in the tendency to nap and thc

extent to which individuals are willing and able to utilize this form of

brief sleep in dealing with fatigue. Furthermore, napping behavior

shows the greatest promise for making possible sustained performance

without deleterious effects over long periods of time.

More so than nighttime sleep, napping lends itself quit' -eadily

to investigation, and it is possible to study physiological changes

associated with napping as well as the changes in performance and

subjective experience following napping. In many ways we believe that

the study of subjective changes is a crucial and often overlooked approac2

to the investigation of human performance. While under conditions of

extreme deprivation it becomes relatively easy to establish performance

decrements, under most test conditions even individuals who are seri-

ously fatigued, and whose continuous work performance might well be

impaired, would nonetheless score within their normal range if they ar

motivated to carry out a relatively brief test procedure. On the (,thor

hand, these same individuals are quite capable of accurately rcpor"*,nI

feelings of fatigue and difficulty in maintaining attention long bef r,

these experiential changes reflect themselves as deficits on oL'j c: :v,

criteria. From our point of view, then, the study of subjectivL r-p-orts

is in part an important extension of performance medbures; in part,

however, it is also an important measure in its own right. Thus sub-

jective reports are highly sensitive to changes in factors such as

depression, confusion, anger, fear, and the like, which reflect aspects



of what is generally termed morale. Such changes, even if quite extreme,

are hardly ever reflected in the kind of performance measures employed in

the laboratory though they have profound effects on behavior outsid:

:,xperimental settings.

The systematic study of the effects of short periods of daytime

sleep on recovery from fatigue makes it possible to examine concurrently

physiological changes, performance changes, and changes in more subtle

subjective terms. It becomes possible to address questions such as the

nature of "a good nap" as opposed to a nap which has not been satisfy-

ing to the individual, to establish what psychophysiological mechanisms

may be responsible for the good nap, and how it helps reduce fatigue.

One important projected line of inquiry is to determine how adequately

individuals who use the nap as a means of recovery from fatigue are able

to function continuously without any extended periods of sleep. Further,

it is our intention to identify those individuals who are capable of

utilizing naps efficiently in order to ascertain what characterizes their

naps as a prelude to the task of training other individuals to nap

effectively.

The present report will briefly review the limited literature on

napping and then focus upon the major studies carried out during the

past year. These studies are most appropriately divided into four inter-

related but separate major foci:

1. The further clarification of napping patterns in the normal

population based upon a detailed study of self-reported questionnaires.



This extension of past research has been crucial to help identify

specific patterns of napping behavior.

2. The report of a laboratory study involving 33 individuals

selected as "ideal types" of appetitive, replacement, and non-nappers.

In this special sample, physiological changes, subjective changes,

and reaction time changes on awakening are explored.

3. A preliminary study based on extended sleep diaries of the

selected subsample of individuals referred to above to help determine

the function of the nap in the daily life of this population.

4. In view of the importance of appropriate performance tasks

and the considerable investment of effort by our laboratory to design

appropriate measures of fatigue useful for the present program of

research, the two tasks we have developed were compared with the best

available measure of fatigue--continuous work performance.

The Study of Napping

The major thrust of our ongoing work has been concerned with

the parameters of napping. For many people a brief nap seems to have

restorative value that far exceeds the length of time involved. While

for some people, napping is an unpleasant experience and an undesir-

able waste of time, for others it is a necessary and sometimes involun-

tary outlet in the face of overwhelming fatigue. Still others would

appear to inteqrate a nap into their daily life style as an. important

contribution to their psychological well-being. At the height ,[ tht-,
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mental hygiene movement a number of popular and scientific articles

advocated the nap as an integral part of mental hygiene and of equal

importance to eating habits and cleanliness (Stegman, 1932; editorial,

Military Surgeon. 1952). However, even as early as 1900, some anec-

dotal data suggested that the benefits of napping were in part a function

of the time of the day the nap occurred. Moyer (1903) reported impres-

sionistic evidence suggesting that afternoon and evening naps were more

beneficial than morning naps.

Contemporary literature about napping (which will be reviewed

only cursorily here) has been concerned with three general issues:

developmental aspects of napping, sleep stages during napping, and

effects of naps on nighttime sleep parameters.

Developmental Aspects of Napping. A series of studies has

been concerned with developmental changes in sleep patterns. Some

of these have included napping time as part o; the total 24-hour sleep

time. It is, of course, well known that napping is common in young

children, declines through adulthood, but may increase in incidence as

old age begins to occur (Chant & Blatz, 1928; Kleitman & Engelmann,

1953; O'Connor, 1964; Reynolds & Mallay, 1933; Scott, 1931; Tune,

1969a; 1969b). Daytime napping in young children mostly disappears by

about five years, broadly corresponding with the beginning of school.

Perhaps not coincidentally this is also the time that sleep disturbances

first begin to uccur in some young children. Although the incidence of



napping increases with old age, the total 24-ho)ur sleeop time )f ti-i

elderly does not seem to differ from that of adults in the 20-30 yt-:a

old range (Lewis, 1969). Both sleep about /. 6 hoJU! S per 24 Ih Urs;

about 5 percent of this is taken up by napping in the! (lderly. Tunte

(19b9a) reports less than 1 percent of sleep time is ronn r the fcorm

o f naps by unsclected young adults.

Somei A, our earlier w-,ork suggested that naps ccontair.ii-: iul'.

sleep may be non-bene-ficial, and that habitu.al 1cippers may nzve

leairned to ivk id delta sleep ouring their naps. 'rher, are nio tci

rcportinvi whether delta sleep occurs in the naps of the ulderly, out

the repurted increased frequency of -napping andi the simultaneous

decreased frequency of delta sleep during the night in the ciderly

(Weinberg, Koresko and Heller, 1907) suggest thait d( ita activity may

be an impo)rtant variable in) the evaluation of sleep quality.

EEG Sleep Stages During Naps. Another Series )f rIapf ing

situdies, has bee n concerned with the EEG sta(7u, Af sleep during ap

ovarlul Im linqt's . Studies by Marnn n, Ree ltsckhc t !L r. andi W.pc-t

(1964), Webb, Aanew and Sternwal (1966) , XeuVb a-nd Agncw(I-n)

Karacaii, Yinley, Williams and Hurse h (1970a), Beryer , Walk , Scott,

MagnUson aiid Pollack (1971), cind Ldwrence (1971), using varicus

samples and di ftcrent lengths of naps at different times of the mornintg,

afterno'nm and eve ning, have, in general shown the teAlwing: (a) REM

sleep prod( in in t in mel n i n naps and in tact, a murning niap seems



to be a continuation of night sleep; (b) delta sleep does not typically

occur in morning naps, but is progressively more likely to occur during

the late afternoon and evening hours; (c) in habitual nappers sleep onset

tor a nap is significantly faster than their sleep onset at night, -r

nighttime onset of non-nappers; (d) like nighttime sleep, REM rarely

occurs at the onset of a nap. There is some evidence that REM -,n set

may occur a little sooner during naps than during nighttime sleep,

particularly it the nap occurs in the morning. In general, depending

upon the time of the day, EEG sleep uoitterns during a nap lou k like

corresponding night sleep records. Morning naps appear to be a con-

tinuation of the previous night's sleep. However, they arc rjativel,."

infrequent, accounting for only about 4 percent of naps in over 400

subjects (Lawrence, 1971). Late evening naps may be equivalent te

the beginning of regular nighttime sleep.

In our own earlier napping studies most of these findings were

confirmed. However, five important but tentative results require further

investigation in our current work, as they have not been reported in thw

existing literature.

1. Naps that terminate by suddenly waking the subject from

delta sleep tend to lead to feelings of dissatisfaction more than naps

terminating in other sleep stages.

. S(omc nappers secrm to have the ability to "squee::e" sleep.

If the subject knows that he has a limited time to nap, he is likely to

cycle through stage I and 2 sleep more rapidly than if a correspondinq



length of record is scored for a subject who dus ot krow how 1-,:t !C

will be allowed to nap.

3. FDepth of sleep, the subject's satisfaction with the nap, CL,.

recovery from subjective tiredness differed for nappers and non-nappers.

'Pese variables were also related differently to ti(e total sleep time and

the amount of stage I sleep.

4. Evidence from subjects' estimates of nau length segges!.-d

that nappers may not consider stage I as a part :)f zatisfying sloep,

whereas non-nappers include stage I in their definition of sleep.

5. Some evidence suggested that the" nap among son. habitual

tiappeis improved their psychological well-being and helped to reduce

dnxiety. This finding, and related anecdotal evidence, led to our

g owing conviction of an important distinction between what we ha',

labeled the appetitive and replacement nappcr.

Effect of Nap on Night Sleep Stages. The third series )f

studies concerned with napping have asked questions about the effects

of daytime napping and nighttime sleeping. These studies have be,-

limited in scope. For example, Karacan, Williams, I'inley and Hurch

(1970b) found thdt although morning naps did not ffect night sleep,

if afternoon iaps contained stage 4 or delta sleep, then evening sleep

tended not to contain as much delta sleep as usual. They suggestiid

that total amount of delta required for 24 hours may be a constant: a

finding that his interesting implicatik ns ter i, , tindincsi, a.s w, iI



as the celationship between the amount of delta in naps and nighttime

sleep of thu Lelderly.

In general, these studies have showr relatively few conse-

quences of napping on the subsequent night's sleep. There is some

zendency for slep onset to be delayed following a long nap (Karacan

,T al, 1970h) but an earlier study based on subjective reports by

Kleitman, Mullin, Cooperman and Titelbaum (1937) suggested that this

may be a function of the length of nap. They reported a long nap inter-

fered with sLep onset :hat night, but a short nap actually led to faster

sleep onset tnat night. In a sleep diary study of young children, Chant

and Blatz (15,21) found a positive correlation betweer daytime nap lcrgth

and nighttime sleep length in you:ig infants aged one to three, but by

th,,. age of five, a negative correlation was found suggesting *nat by about

the fifth year napping -educed the neod for nighttime sleep.

Our own previous studies have not addressed this question.

VK, are c-urrcntly exploring the effects of the laboratory nap on the sub-

jects' reported sleep parameters--not only on the night after the nap, but

also for the night before the nap. It may be just as important to ask what

characteristics of a night's sleep lead to a decision to nap the following

day as it is to ask what effect the nap has on the subsequent night's

sleep. The sleep diary study reported below will take up this issue in

.ome dotil, both in terms ot the effects of the laboratory nap on the pre-

c'edinq miid sibs,,quent night's sleep, and also in terms of those days in

which naps ili )r did not occur while the sleep diary was beinq completed.
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consistent across studies, several authors comment on the considerable

day-to-day variability in sleeping habits. Lawrence (1971) has shown

that nighttime sleep parameters are quite different on weekdays or on

weekends, and in terms of whether the students work or not. Most of

these length-of-sleep figures do not take into account time spent napping.

The incidence of napping is more difficult to evaluate because

of different ways in which different studies have asked the question.

However, most studies report including a "never" or "very rarely"

category of napping and a fairly consistent figure of about 40 percent

typically respond as non-nappers. Napping length varies from a few

minutes to over three hours, but most studies report a broad modal nap

length of slightly longer than one hour. In the most careful survey

conducted so far, Lawrence (1971) found naps of 2 hours or more in

only 5 percent of the 460 subjects who reported napping. Lawrence

also observed that when napping time is added to night sleep time,

the total length of sleep per 24 hours is about 1/2 hour longer for

habitual nappers (those who nap more than once a week) compared to

non-nappers.

Recuperative Effects of Sleep

The third area we have been investigating has been concerned

with the beneficial effects of sleep and the measurement of the recovery

from fatigue. Most of the studies in the literature that have been con-

cerned with the effects of sleep on subsequent waking performance have
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employed a sleep deprivation model to study the consequences of sleep

loss in terms at performance and, occasionally, psychological variables.

They have involved either total or selective sleep deprivation of varying

amounts. Our own research has adopted a different approach. W-

have sought to evaluate improvement in performance as a function of

sleep, and our basic model has been to compare subjective and objective

measures preceding sleep or napping with performance after the com-

pletion of the sleep or nap period. In other words, we have been con-

cerned with the advantages that accrue after sleeping, and in particular,

after having a nap.

Much of our previous work has been concerned with what turned

out to be a lengthy and difficult problem of developing appropriate tasks

to measure the recovery functions of sleep. This work has been reported

earlier. The development of these tasks led to a collaborative study

with the Performance Research Laboratory, University of Louisville,

concerned with performance and recovery from fatigue in subjects on a

4-hour-work, 4-hour-sleep continuous performance regime.

In summary, our aim has been to study the functions of sleep

in order to improve the efficiency with which the psychological and

physiological benefits of sleep can be obtained. In the past year we

have carried out a major investigation on the nature of napping, empha-

sizing differences between those who derive considerable satisfaction

from regular napping and those who avoid napping apparently because of

its undesirable consequences for them. As well as a large sample
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questionnaire survey on napping (N = 430), we studied nappers and

non-nappers in a standard sleep laboratory daytime napping study.

In addition we engaged in a collaborative performance study on the

recuperative effects of shortened sleep cycles on a continuous work

regime. Each of these areas of research is described below.

iq
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2. THE PARAMETERS OF NAPPING

The ongoing research program has provided insights into poten-

tial differences in the habitual sleep patterns of people who nap and

those who do not. However, very little is known about the subjective as-

pects of the napping experience. In our exploratory work, it became

clear that people have quite divergent views about why they do not nap

very often, citing many reasons ranging from lack of time and difficulty

in falling asleep, to adverse psychological or physical consequences,

and so on. Similarly, some people nap to make up for previous (or

anticipated) loss of sleep time. Others seem to nap more as a life style

than for reasons of fatigue. Yet others attempt to use napping as a

means of relieving the tensions of everyday living. For some people the

nap seems to have some psychodynamic significance rather than merely

serving as a means of recovering from fatigue. Even more striking are

the extreme individual differences in attitudes towards daytime sleep and

behavior related to napping.

The Napping Questionnaire

An exploratory questionnaire was devised to serve two quite dif-

ferent functions. First, we wished to find out more about napping, and

about the choice not to nap. While there were a number of areas in

which the same kind of information was required from all participating

subjects, for subjects who did not nap some of these questions were not



meaningful. Thus, it is awkward to be asking a non-napper about thu: time

he takes his regular naps and his reasons for napping. Consequently,

one section of the questionnaire was developed to ie completed by those

who considered themselves to be frequent nappers; another for those

who labeled themselves as non-nappers.

The second purpose of the questionnaire was to select subjects

who represented reasonably pure types of napping patterns. This would

include confirmed non-nappers as well as two types of nappers: (a)

those who nap primarily for sleep need or replacement reasons--making

up for sleep lost, or in anticipation of lost sleep; (b) those whose reasons

for napping were more psychological or appetitive, and in whom fatigue

does not appear to be the important consideration for most of their naps.

While it is possible that many people nap for a combination of both

appetitive and replacement reasons, our aim was to identify relatively

pure groups available for the proposed laboratory daytime sleep study re-

ported below.

The questionnaire contained a broad spectrum of questions with

several different answer-formats required to aid convenient quantifica-

tion. The napping questionnaire (see appendix) is divided into three

sections.

Part I: The first section asks general questions about subjective

sleep satisfaction and the overall quality of sleep, as well as specific

questions to provide estimates of quantitative sleep parameters. Some

que;tion-, were (xpected to relate to the ease of voluntarily controlling



l8.

sleep onset under a variety of circumstances, which is the broad dimension

under which our previous work has indicated that napping may be sub-

sumed.

The final question in this section was "Do you take catnaps dur-

ing the day? " The subject was required to respond on a 5-point scale

(5 = always; I = never). Depending on the answer to this question, sub-

jects proceeded to either the green Part 2, or the blue Part 3 sealed

sections of the booklets. If a subject's answer to the napping question

was either "rarely" or "never," indicating that he rarely or never took cat-

naps, he was requested to complete the sealed green section of the ques-

tionnaire. If, however, he answered "always," "usually," or "some-

times," indicating that he catnapped on at least some occasions, he

was requested to break the seal on the blue section and complete only

that section.

Part II: This section was answered by subjects who responded

that they "rarely" or "never" took catnaps. The subjects answered ques-

tions concerned with why they did not nap, as well as providing informa-

tion about the time during the day when they were either most tired or

most alert, under what conditions they might consider taking a nap,

and any differences they felt existed between napping and sleeping.

Some of these questions required answers based on the 24-hour clock,

somt, on a rdting scale on which 5 indicated "definitely applies," an1d I

indicatrd "irrelevant" or "does not apply."



Part III: This section was filled out only by people who re-

sponded that they do nap at least sometimes. Information was obtained

about their reasons for napping, time spent napping, and the conse-

quences of napping. Questions were included to distinguish between

the two different kinds of nappers, described below, that wc wereu in-

terested in studying.

Subjects -- Original Selection Sample

The specially designed napping questionnaire was administered
2

to a large introductory psychology class. During a break in the 2-hour

class, 512 volunteers filled out a receipt for $2, which they found

located under their seat. Any student who chose to participate in the

.sleep survey" by completing the questionnaire on his own time was

given, in exchange for this signed receipt, a stamped envelope addressed

to the laboratory which contained $2, the napping questionnaire, and the

standard informed consent form used by the laboratory. The subjects

completed the napping questionnaires at their leisure and mailed them to

the laboratory. Between the class date, 11/8/73, and an arbitrary

cut-off date of the start of the next semester, 1/21/74, 430 question-

naires were received. Three weeks after the last questionnaire was re-

ceived, a letter reminder was sent to the 82 outstanding subjects, and

30 second r, minders were sent about 5 weeks later. Valid question-

ndires wtre returned by 474 (93 percent) of the 512 stidents who attended

the, eClS';, but only the initial 430 (representing H4 percent of the distributed
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questionnaires) were included in the data analysis reported in this

section.

Of the 430 subjects, 261 (60.7 percent) completed the blue sec-

tion for nappers, while the remaining 169 (39.3 percent) filled out the

green non-napper section. Detailed comparisons between these non-

nappers and nappers will be reported below.

Criteria for Laboratory Napping Study

This questionnaire was also used to select the subjects who

would meet specific criteria, thereby qualifying to be invited to nap at

the laboratory. Based on the results from earlier pilot samples, specif-

ic criteria were set up in order to identify those subjects who would

qualify for inclusion in one of the three different groups in the study.

These criteria were defined exclusively in terms of specified responses

to the questionnaire. Not all qualified subjects could actually be in-

vited to the laboratory, either because of their expressed unwillingness

or unavailability when they filled out the informed consent form or

because a mutually convenient schedule could not be worked out.

Consistent Nappers. The consistent napper had to indicate (blue

section, question 1) that he napped with a frequency of at least once a

week (or four times a month). In addition, in response to the question

(blue section, question 18) "Do you find that naps are generally very

satisfying?" the subject was required to answer "Definitely Yes" or
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"Possibly Yes." Nappers who did not meet these criteria were con-

sidered to be inconsistent nappers for the purpose of the study. Based

on these criteria, 62 nappers were classified as inconsistent nappers,

leaving 199 consistent nappers (76 percent of all nappers). Of the 261

nappers, 3 percent indicated they "always" napped, 21 percent indi-

cated they 'usually" napped while 76 percent marked "sometimes."

Consistent nappers were then further divided into two subgroups,

appetitive (N = 43) and replacement (N = 156) nappers. Subjects were

considered to be appetitive nappers if their answer to (blue section,

question 27) "Do you nap even when you do not feel very tired?" was

either "Definitely Yes," or "Possibly Yes." However, a subject was con-

sidered as a replacement napper if he answered "Possibly No" or

"Definitely No" to this question (#27).

In summary, a subject qualified as a potential napper for the

laboratory study if he napped more than once a week and found that naps

were generally satisfying. He was further designated as an appetitive

napper if hiL naps did not necessarily occur in response to feeling

tired, or as a replacement napper if he indicated he napped mostly when

he felt tired.

Consistent Non-Nappers. Of 169 non-nappers, 135 answered

they "rarely" napped, and only 32 (19 percent) answered that they "never"

napped. It becdme clear that there were several kinds of people who

labeled themselves as non-nappers. For example, one group ot subjects
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clearly indicated that they once did nap regularly, but no longer do so.

The previous period of napping was sometimes dssociated with specific

factors like illness, pregnancy, or childhood, but in many instances

there were periods in the subject's life when he napped frequently for

reasons other than the transient special conditions mentioned. (Some of

the characteristics of non-nappers who once napped will be discussed

below.) It was felt that these subjects were not necessarily representa-

tive of the typical confirmed non-napper unless the occasional napping

occurred only in the context of a natural situation like pregnancy or ill-

ness. We were concerned only with locating subjects who did not nap

because of a strong emotional conviction that they did not find napping

beneficial or satisfying.

Confirmed non-nappers were thus required to answer "No" to the

question (#3, green section) "Was there a period of time when you did

take naps at least sometimes?" Two other questions (green section,

question 1, parts K and L) were also critical in defining these habitual

non-nappers: "Napping produces unpleasant physical aftereffects.";

"Napping produces unpleasant mental aftereffects." These were rated

by the subjects on 5-point scale questions. Both of these questions had

to be rated 3, 4, or 5, indicating that the reason applied to the subject

at least some of the time. Alternatively, at least one of these ques-

tions had to receive a rating of 4 or 5.

In summary, the confirmed non-nappers who were potentially

availatbc to be selected for the, laboratory study reported they hardly

Ii
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ever nap, at least in part because tor them nappinig produces u: i.,;hasant

physical anc mental aftereffects. Only 13 o- the1 n )n-napp, .,-

jects met these stringent criteria.

Results

Sleep Parameters of Nappers and Non-Nappers

Table I presents self-reported parametric data for all of the naL,-

pers and non-nappers concerning evening and morning sleep and arousal

time. Questions regarding when the subject felt sleepy, went to bed,

tell asleep, awoke, got out of bed, length of time slept, were all askod

both in reference to "last night" and "usually. " Although correlations

between "last night" and "usually" responses were typically around .50,

it could not be expected that any single night of sleep in a collegc popu-

lation would relate to overall sleep patterns. lndeed , rcspons, varia-

bility was probably the most noticeable aspect of the data ropert,-! in

Table 1. The data in Table 1 reflects response to "usual" patterns.

In general, typical parameters of going to sleep and waking up

were not very different for nappers and non-nappers. Both groups report-

ed typically sleeping 7 hours and 26 minutes: all subjects averaqed

7 hours and 22 minutes "last night." The standard deviation of "la ;t

night" (1 hour and 51 minutes) was significantly greater (Y = 3. 16;

) < .00 1) than lor the typical night (1 hour and 25 minutes) . This might

,;uqqest that the typical night's parameters include sleep patterns that

',mitain uii B ul,ir hours (such as weekends), but thc nappers may hav,
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TABLE I

Comparison of Self-Reported Sleep Parameters

in Non-Nappers and Two Kinds of Nappers

All Ss Qualified Ss

Non- Non- Napper
Napper Napper Napper Appet. Replace

Reported Time N-169 N-261 N=13 N-43 N=156

Time very sleepy 23:49* 23:13* 00:10 22:35 23:19

Time qj bed 00:43 00:46 01:06 00:20 0:49

Time fall asleep 01:04 01:02 01:26 00:39 01:01

Time woke up 08:23 08:28 08:52 08:33 08:25

Time out of bed 08:32 08:43 09:06 08:59 08:39

Hours slept last night 7:28 7:19 7:47 7:33 7:11

H(.,ar.; sleep reguLarly 7:28 7:25 7:38 7:31 7:'7

Hours sleep lik( 8:26 8:34 8:36 8:33 i-:35

[H(urs sleep need 7:50 7:58 7:53 8:05 7:56

Minutes to fall asleep :20 :2 1 :20 :23 :1

Note. -- All data reported in hours and minutes (24-hour clock -tirnc).

*p < .05 All oth,.r t-test comparisons insignificant.

**All F-ratios comparilig 3 groups insignificant.



already adjusted this typical time lo take into account any na ; they .-,ay

sometimes take. The only variable differentiating tne two groups was trne

question about "What time do you usually feel very sleepy at nignt

Nappers report doing so 26 minutes earlier than non-nappers (L- 2.64"

3
p< .01), but they both report typically going to bed within 2 :inut -s

of each other (at about 12:46 a.m.).

The answers to most of these questions were typically n.ore vari-

able for the napper subgroup. It is not known if the variability is a

function of taking daytime naps on some days, but it is consistent with

the nappers' greater control of the sleep process.

There are no significant correlations between the question about

napping frequLncy and these typical sleep parameters.

It is of some interest that subjects obtain about 7 hours and 26

minutes of sleep, would like to have over 9 hours and 49 minutes, but

feel they need 7 hours and 55 minutes of sleep (each of these values

differs significantly from each other). Globus (1969) similarly found

-hat 51 subj,.cts slept 7.1 hours, but reported they needed 6.1 hours:

however, these were specially selected subjects who obtained excessive-

ly long sleep (exceeding 10 hours) at least once a week. He attributed

the greater "sleep need" as a symptom of excessive sleeping, but our

tesult:; : how that tnis i.; a typical feeling among college students.

Sleep Satisiaction in Nappers dnd Non-Nappers

Tabl( 2 summarizes the responses on the first part of the napping

qu,.;tiotmair of naupers and nUn-nappers to a number of characteristicis
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TABLE 2

Comparison of Subjective Night Sleep Characteristics
in Non-Nappers and Two Kinds of Nappers

All Ss Qualified Ss

Non- Non- Appet. Replace.
Napper Napper Napper Napper Napper

Variable Score N=169 N=261 p < N=13 N=43 N=156

Sleep as deeply as you I
like Yes=l .71 .80 .05 .b9 .74 .82

Wake up slow, le'hargic .67 .77 1.05 69 .72 .75

Sleep well last night .83 .80 -- .77 .72 .83 vi
Sleep well usually .82 .88 .10 .85 .84 .91

Could sleep now .50 .79 .0001 . 4 6 a .86 .78

Wake up luring night Always 2.57 2.45 -- 2.69 2.56 2.44

Fall asleep easily 3.36 3.60 .01 3.54 3.67 3.65

Sometimes sleep too long 2.41 2.16 -- 2.85 2.67 2.40 b

Sometimes sleep too short 3.29 3.51 .001 3.38 3.47 3.53

Sleepwalk 1.14 1.14 -- 1.23 c  1.35 d  1.08

Sleeptalk 1.93 2.05 -- 2.15 2.19 1.95

Find sleep satisfyinq 4.20 4.28 -- 4.31 4.12 4.39

Difficulty Jalling asleep 2.64 2.56 -- 2.62 2.79 2.44

Are you deep sleeper 3.47 3.61 -- 3.38 3.60 3. 0

Take catna,,s* 1.83 3.28 .0001 1 . 5 4 g 3 5 1 h 3. '6

Note. -- A superscript indicates that the subgroup differs from at least on tK the other

subgroups. No superscript indicates that the subgroups do not differ.

*One of the selection criterion variables: non-napper (Iroup must differ tror the

iappinq Ss.
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related :o evening sleep. In spite of the lack of differences in the

amount of sleep typically obtained at night, there were predictable dif-

ferences between nappers and non-nappers in their subjective attitudes

towards and satisfaction with sleep. Compared to non-nappers, nappers

report that they sleep as deeply as they like to (80 percent versus 71

percent respond "Yes," p < .05) and typically sleep well (77 percent

versus 67 percent, p < .05) although they may more often wake up feel-

.ng slow and lethargic (p < .05). Non-nappers are more likely to feel

they did not get enough sleep (P < .001), but perhaps this merely implies

that the napper has the mechanism to make up for lost time wnen ne has

such a feeling. Nappers more frequently report that they could go to

sleep "right now" (79 percent versus 50 percent, p< . 009) an~d typi-

cally fall asleep more easily during the night (2 < . 01).

Thus, nappers seem to be more satisfied with how they sieep,

and maintain a general readiness to be able to fall asleep now, ure-

sumably a capacity they have at their avail whenever they need i.. These

results are further confirmed in Table 3, which clearly indicates tnat

nappers rate themselves (on a 5-point scale) as significantly more likely

3nd able to nap in a wide variety of circumstances including on long car,

plane, or train trips, while studying, reading aloud, or while attending

lectures, theater or movies, or watching T.V., following a good meal,

and at times of stress. In some of the open-ended questions, napping

in these circumstances was reported to be a voluntary process as fre-

quently 'is an involuntary one.



TABLE 3

The Ease of Failing Asleep in Specific Situations
in Non-Nappers and Two Groups of Nappers

All Ss Qualified Ss

Non- Non- Appet. Replace

Do you fall asleep: Napper Napper p < Napper Napper Napper P <

N=169 N=261 N=13 N-43 N-156 1
a

On long car trips 2.75 3.13 .0001 2.33 3.02 3.21 01

While reading a book 2.25 2.72 .0001 2.15 3.00 2.69 .01-

c
While studying 2.06 2.56 .0001 2.00 2.79 2.56 01-

During a play 1.35 1.54 .01 1. 3 1.77d 1.46 .05-

On plane or train trips 2.37 2.68 .01 1. 3 5 e 2.44f  2. 9 .01

Whi-e watching movie 1.73 1.99 .002 1.46 1.98 1.99 .10

During lectures and h
speeches 1.82 2.25 .0001 1.62 2.30 2.20 .02

k 1
At times of stress 1.61 1.81 .05 1.38 2.21 1.73 .01

While watching TV 2.28 2.46 .05 2.15 2.49 2.47 .10

After a particularly
good meal 2.11 2.56 .0001 2.00 2.70 2.56 01

Note.--Answers rated on 5-point scale: 5 = Always, I = Never.

*F-ratio (df 2, 210)

** Groups sharing common superscript do not differ significantly, i.e., a subgroup
without a superscript does not differ statistically from the other non-superscripted
groups.



These clear-cut results provide strong confirmation of tre y-

pothesis that one of the major characteristics of the napper is hi.' dbilty

to choose when he wants to fall asleep. In Table 1, a tendency (1 < 1.j)

was noted for the napper (particularly the appetitive napper) to delay

going to bed longer after he first felt very sleepy than the non-napper,

perhaps because of his confidence that he could either fall asleep

quickly or would be able to make up for any iost sleep at a subsequent

time.

A general index of falling asleep in a variety of circumstances

was derived by summing the number of times the subject checked the

extreme category "5" or "always," on these ten questions. The mean

degree of voluntary control of sleep for nappers was significantly greater

than for non-nappers (@ < .0001).

Sleep Parameters in Consistent Appetitive and Replacement Nappers

Differences between the consistent appetitive (N - 43) and

replacement (N - 156) nappers (i.e., those who nap at least once a week

and enjoy it) in relation to nighttime sleep are summarized in Tables 1, 2,

and 3. They are also compared where relevant with the consistent non-

nappers (N - 13).

The two groups of nappers did not basically differ from the pattern

described above for the complete sample of 430 subjects. Again, as can

be seen in Table 1, evening sleep patterns seem comparable in all sub-

jects. Consistent nappers and non-nappers seem to go to bed at tho
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same time, sleep ab -t the same length of time, and get up at about tne

same time. These subjective estimates presumably exclude time spent

napping. Of some interest however, is the discrepancy in the 'last

night" and "typically" answers of replacement nappers in terms of

length of time slept. They reported sleeping only 7 hours and 11 minut,,s

last night compared to a typical night's sleep of 7 hours and 27 minutes

(t = 2.08; p < . 05). The appetitive nappers and the non-nappcrs did

not differ in their two reports t(_= .37 and .17, respectively). This sug-

gests that the sleep of replacement nappers is more variable than that of

other groups, and their sleep habits may not be regular, thereby creating

the need for periodic replacement sleeping. Indeed, all answers of the

replacement subgroup were more variable than the other two, further sup-

porting the replacement nap concept.

In spite of the restricted range imposed by the selection criterion

of at least a nap per week, appetitive nappers more frequently engage in

napping than replacement nappers. This is apparent both in their answers

to the 5-point catnap selection criterion question on part 1 of the ques-

tionnaire (t = 2.16; p < . 05) as well as the reported frequency of napping

on part 3 of the questionnaire. Thus, the qualified appetitive nappers

take 16.9 naps per month compared to only 12.8 naps for the qualified

replacement nappers (t = 2. 13; p < .05).

The fact that these subjects nap regularly indicates that they maay

pot(,nttally receive mor, total sleep during the 24 -hour day than the non -

nappers. This question will require further analysis in a subseque, nt



section where daily sleep diary data for 14 days is available for 33 nai;-

pers and non-nappers. The replacement nappers are much more varabic

as to whni they go to bed and how long they sleep. There was a teod-

ency for them to have gone to bed a little later "last night" (i . e., the

night before they filled out this questionnaire) than thi -2on-nappers

(_- 1. 60; p < .20), or at least at a more variable time _F - 3.9->

p < .01). Thus it is still possible that while the replacement ruppers

typically sleep at the same time as non-nappers, there are occasions

when they get less sleep. Presumably, such occasions are ' ikt l

to be associated with a nap the next day. In this dita there in, no way

to evaluate whether either kind of napper receives more sleep in a 24-

hour period than non-nappers.

While nappers and non-nappers overall do not differentially re-

port sometimes sleeping too long, consistent nappers arc less likely to

say so than consistent non-nappers (t= 2.56; df = 211; L < .02). This

is primarily due to the consistent replacement nappers who less often

have the experience of having slept too long than eithcr :-,on-nappers

- 2.92; dt - 168; i < .01) or appetitive nappers L = 1.80; df - 198:

p< .10). In contrast, replacement nappers report significantly iror

often having the feeling of having slept for too short a time, compared

to non-nappers (L- 3.32; df - 377; p < .001). Although this difference

does not achieve significance with the selected consistent subgroups,

the evidence indicates a subjective sleep-need pressure on replacemclnt

napper:; who teel that they n_cejd mor, sleep, particuldrly under con~lithn.

MOM
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where they feel they do not often sleep enough, or for too long, but more

often come up on the short side of what they perceive they typically need.

This subjectively perceived need for more sleep presumably provides the

basis for the replacement naprpers' need to obtain naps.

One curious result is that consistent appetitive nappers are more

likely to sleepwalk (t = 2.49; df,- 198; p< .02) and sleeptalk L- 1.36;

p <.20) than replacement nappers. The mechanisms of sleepwalking and

sleeptalking are not currently well understood; however the possible

psychodynamic origins of these phenomena are possibly consistent with

their incidence in subjects whose sleep may, in part, have psychodynamic

overtones.

While the consistent non-nappers were selected in part because

of the unsatisfying naure of their occasional naps--in terms of physical

and mental functioning--such a negative attitude does not relatL 'C 'heir

sleep in general. The non-nappers did not differ from either group of

nappers on ratings of how satisfying night sleep tends to be, nor on

how deeply and well they typically sleep. Replacement nappers rep)rt

that sleep is slightly more satisfying (t = 1 .79; p < . 10), and they

relatively less often have difficulty falling asleep (t =2.27; F < .05)

than appetitive nappers. This finding -s surprising, though in general

difficulty sleeping is not related to napping or non-napping as such.
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Napping in Appetitive and Replacement Nappers

Voluntary Control of Napping. As already noted, nappers report

a capacity to fall asleep readily in a variety of circumstances. Table 3

compares the appetitive and replacement nappers in terms of the rated

ease of falling asleep under several conditions. The mean values

represent ratings on a 5-point scale,

Appetitive nappers tend to nap more than replacement nappers

while reading a book (p. < . 05), while studying (P < 1 10), during a

play or at the theater (p < . 05), and have a similar but insignificant

tendency during lectures and speeches and after a particularly good

meal. In contrast, replacement nappers are more capable of falling

asleep on long car trips (p. < . 10) and on plane or train trips (L) < .05).

While we do not fully understand the significance of the advantage

held by the replacement napper under these two circumstances,

both involve extended motion. The relationship between volitional

and involuntary naps and the physical envir -ment will be explored

in future work: It is also possible that the replacement nappers

plan their sleep knowing that they will be able to catch up on or

following the trip.

Of particular importance was the striking tendency for the appe-

titive nappers to say that they tend to fall asleep at times of stress com-

pared to either the replacement nappers (L = 2 .43; p < .01) or non-nappers'

.- 36; p < .005). This provides important confirmation of thL' appetitivc

nappers' tendcncy to fall asleep in response., to psychological factors, a.;



opposed to factors relating to general fatigue or sleep deprivation.

When the extreme ratings of 5" are summed over all ten catego-

ries, the appetitive nappers show a greater ability to voluntarily fall

asleep under a variety of these circumstances significantly more fre-

quently than the replacement nappers (L= 1.98; p < .05). However,

as already indicated both groups differ markedly (p < . 001 in ;ach

case) from the non-nappers in their ability to nap frequently in a wide

variety of circumstances.

Nap Satisfaction. In Table 4 mean ratings of the subjective

satisfaction with napping for the appetitive and replacement nappers

are summarized. These differences refer to part 3 of the questionnaire

which was only completed by the napping subjects. The data compares

4
both consistent appetitive (N = 43) and replacement (N = 156) nappers.

In general, the results show that the appetitive napper has a

greater propensity for napping and finds napping more desirable than th.:

replacement napper. The appetitive napper rates himself as more often

taking naps (P < .05) and he, in fact, naps more frequently (p < .05).

He rates himself as preferring to nap daily (p < .02). He likes to nat.

as regularly as possible (p < .02) and voluntarily naps whenever time

permits (p < .002). When asked how long after awakening from a nap he

would be ready for another nap, his answer is sooner than for the rcplace-

ment napper (p < .10). The appetitive napper nap,. in a wider varity

of c trcutmit,mcrw ; (p < .05), dithough there i; a s zq ht tendeincy that lie



TABLE 4

Differences in Subjective Sleep Characteristics
for Consistent Appetitive and Replacement Nappers

Appet. Replace
Variable Napper Napper t P_ <

(N=43) (N=156)

Take catnaps 3.51 3.26 2.16 .05

Nap frequency per month 16.91 12.79 2.13 .05

Hours till could nap again 4.14 4.54 1.40 .10

Could nap daily 3.30 3.00 2.40 .02

Like to nap regularly 3.14 2.80 2.31 .02

Voluntarily nap if time 3.53 3.17 3.23 .002

Feel more tired awake 2.21 1.95 1.81 .10

No nap if regular sleep 2.70 3.44 3.25 .0002

Nap when not tired a 3.12 1.35 29.11 .0001

X "Always" response--
ease of sleep 1.49 1.04 1.98 .05

Note.--All questions 5-point scale where 5 represents high (always) end
(except second and third variable).

aSelection variable.

-I
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will feel more tired when he awakens than does the replacemer natper

(fp< .10). However, it is important to note that the replacement lapper

is much less likely to nap if he considers he has had a regular night's

sleep the previous night (p < .0002).

Differences on all other variables listed in the third part of zhe

questionnaire were not significant. This includes such characteristics

as whether the subject would prefer to obtain all of his sleep in one

continuous segment or whether he would prefer to sleep on demand

whenever tired, and the effect of napping in improving the subject's

ability to work or his ability to concentrate. There was no significant

difference in the tendency to nap involuntarily. In the situations re-

ferred to above the subjects mostly decided voluntarily to take a nap.

The results do not necessarily refer to situations where falling asleep

is not premeditated.

It is clear from these results that the appetitive napper can more

readily take naps in a variety of situations and generally has the set

that he is willing to nap and is capable of napping whenever he chooses to

do so, and wherever circumstances permit.

Estimated Parameters of Napping. Table 5 presents the mean

reported times that all nappers, appetitive as well as replacement,

take their nap and how long they nap. There are no significant differ-

ences between appetitive and replacement nappers in terms of these

estimated clock parameters. Subjects prefer to nap at about 3:49 p.m.



"3 T •

TABLE 5

Estimated Parameters of Napping in Consistent
Appetitive and Replacement Nappers

Consistent Nappers

All
Nappers Appetitive Replacement

Variable N=261 N-43 N=156

What time prefer to nap 15:44 15:52 15:48

How long would the ideal nap last 98.96 101.30 99.86

What is the longest time you nap 162.82 163.60 156.79

What is the shortest time you nap 24.78 24.84 25.14

When napping, how long to fall asleep 9.75 8.56 9.19

When nap, how long typicallylast 73.35 81.23 70.40

Note.--The first variable is reported in hours and minutes (24-hour clock-time).
The remaining variables have been converted to minutes: Subjects typically
recorded their answers to the nearest 15 minutes.

• Comparison of subgroup variances: F = 2.59; df = 42, 155; p < .001. All oth:r

t-test and F-ratio comparisons between appetitive and replacement napv:rs dr'

insignificant.
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and the typical nap lasts about 73 minutes. However, the length oi he

typical nap in appetitive nappers is much more variable than in replace-

ment nappers (L= 2.49; df - 42, 155; p < .001). While the typical nap

is about 73 minutes, the average longest nap subjects report is 158

minutes, although subjects consider the ideal nap would last 100 minutes.

It takes a napper an average of 9 minutes to fall asleep when he is having

a nap; this is in striking contrast to the typical 20 minutes it takes the

same subjects to fall asleep at night.

In general, in spite of the differences in the reasons for napping,

there are no differences in the time the two groups of subjects take

their nap and the length of the longest, shortest, typical, or ideal nap.

Why Does the Non-Napper Not Nap?

The second part of the questionnaire was completed only by the

non-nappers; those subjects who responded "rarely" or "never" to the

question on part I, "Do you take catnaps during the day?" This part of

the questionnaire was concerned with questions about the reasons for not

napping and attitudes towards napping.

The non-nappers were asked "Was there a period of time when you

did take naps at least sometimes?" Of the 169 non-nappers, 41 answered

"No." An additional 48 subjects answered "Yes," but in response to the

question "When?" gave such modifying responses as "When I was a

child" (defined when necessary by us as before 12 years of age), "When

pregnant," "When ill." These were considered as inconsequential to



our non-napping criterion, and a subject giving this modified 'Yes"

answer was included as a consistent non-napper if he satis[iid al' of

the other criteria. In fact, 7 of the 13 consistent non-nappers were_

selected from this subgroup. The remaining 80 subjocts responded

that they did once nap, but did not modify their statement in terms of

the kinds of special circumstances noted above. Analysis of variance

comparing the four subgroups consisting of the consistent non-nappers

modified non-nappers, those who once napped regularly, and thc remain-

ing non-nappers who did not qualify for the laboratory study, yielded

very few differences among the groups. There verc some diffcrences in

the reasons given for not currently napping (dscu,;ed below) and some

additional differences between consistent non-nappers and tiiose sub-

jects who once napped regularly, but now no longer do so.

All non-nappers were given the opportunity to rat on a 5-peaint

scale (5 = Definitely applies; I = Irrelevant), eich of 15 differ, nt

reasons why they preferred not to nap. Thu possible rt asons included

the inability to sleep when attempting to nap, interference with nignt

sleep, interference with daytime activities, and thc unpleasant results of

daytime napping. Thu, three reasons most strongly endorsed iy all I t9

non-nappers were: "Napping interferes with my work (or studying),

"No time available," and "I would not be able to fail aslu~p.

The consistent non-nappcrs in this study w(r,) chosen hcaust

they stated that prCvious napping typically had unplCasant hhyV.ca,3 an'I.

mental i h r Ohem. Apart from the'.( i.ewe h'. thiei
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common reasons they checked for not napping were rlated to these un-

pleasant consequences: "I did not feel any better after napping," I

did not feel any less tired after napping," and "Napping is an unpleas2nt

experience." The three reasons which least affected their reasons for

choosing not to nap were "Napping is a sign of laziness,' "If I napped

I would not be able to sleep well at night, " and "No time available."

Thus, while it was decided in the laboratory study to select non-nappers

who did not nap because of the unpleasant consequences, these subjects

were not necessarily typical of a larger proportion of non-nappers who

consistently did not nap primarily for reasons of lack of time. Par-

ticularly interesting in this regard was the 80 of the 169 subjects who in-

dicated that they once napped after childhood, but no longer did so.

These subjects now no longer napped because they had no time to do so,

and because napping interfered with study and/or leisure activities.

The unpleasantness of the nap does not seem to have been an important

reason for their discontinuation of napping.

A detailed comparison of the 13 consistent non-nappers and the

80 non-nappers who once napped is presented in Table 6. The several

significant differences between these two groups arc all in the Jirection

of either there being no time for napping for the once-nappers, or because

of the unpleasantness of napping for the selected group. These results

would strongly suggest that future work needs to consider the problem of

non-nApping more, extensively than we did in the empiricalt laboratory

work conducted during the past year. Non-napping is not a hormogentouCs
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Differences (on 5-point rating scale) Bt-twe-n

Non-Nappers (N = 13) and Subjects Who W. re

Once-Nappers But Arc No Longer Napper (N 80)

Consistent

Variable Non-Nappers Once-Napper t L_<

Take catnaps 1.54 1.96 2.98 .01

No time to nap 2.54 3.50 2.57 .01

Nap unpleasant experience 3.46 1.84 7.31 .0001

No need for nap 3.15 2.51 1.67 .10

Interferes with work, study 2.85 3.56 2.10 .05

Don't feel better after nap 3.69 2.64 2.43 .02

Don't feel less tired 3.54 2.64 2.61 .01

Unpleasant physical effect 3.92 2.31 6.15 .0001

Unpleasant mental effects 3.62 2.11 5.07 .0001

Fall asleep on car trips 2.23 2.94

Ease of sleeping in many

situations* .31 .74 2.17 .05

Time usually most sleepy** 21:19 17:64 2.13 .05

Time prefer to sleep** 00:21 23:22 2.33 .05

Note. -- Answers rated on 5-point scale: 5 = Always, I = Never.

* Mean sum of "always" answers on 14 listed reasons for not wanting to nap.

** 24-hour clock-time - hours and minutes.



entity, but different kinds of non-nappers would seer!, to have diff ren,

kinds of characteristics. Whether such subgroups would differ ir terms

of the subjective and physiological characteristics of dayti)ii slecu in

the laboratory remains to be investigated.

Many of the responses of the non-nappers who once napped on

the first section of the questionnaire tend to be more like the resxnses

of the replacement napper group. Typically, the means of the non-napper

groups fall somewhere between the consistent non-nappers and the consist-

ent replacement nappers. We surmise that most of these subjects were

once replacement nappers who, because of time and scheduling reasons,

have had to learn to assert better control over their sleep activities and

to avoid being caught in a situation where napping is necessary to make

up for lost time. It is interesting that in spite of the restricted range on

the criterion catnap question, the once-nappers still nap significantly

more often per month than the selected group of 13 non-nappers (1.96

versus 1.54 times per month, t - 2.98; p< .01).

Summary

In general these data support most of our predictions about the

characteristics of napping and also about the different kinds of naupers.

Somewhat surprisingly, there were absolutely no differences in the basic

sleep parameters reported by subjects regarding typical nighttime sloe

habits. Although nappers report they can fall asleep more easily than non-

nappers, they did not differ from non-nappers in clock time estimats ef



how long it takes them to fall asleep at night. Howevcr, therL Wa i-

stantial evidence that nappers have a greater facility to fall asleet. :a

and to voluntarily choose situations in which thuy can sle,. Nappers.

and particularly appetitive nappers, are capable of sleeping in a

variety of circumstances, many of which have little or nothing to do

with tiredness or fatigue.

Our concept of appetitive and replacement nappers appears to

have some validity. Appetitive nappers have a greater degrec of control

over the ease of falling asleep and tend to nap more frequently than re-

placement nappers. In particular, they are more likely to nap in response

to stress, but they do not necessarily feel more refr shed or less tired

when awakening from a nap. In contrast, replacement nappers are much

more variable in terms of when they go to sleep and get up in the morn-

ing, and how long they sleep at night. They are not likely to nap if they

have had sufficient sleep the previous night and they typically report

feeling less tired after they nap. Apparently, napping for the replace-

ment napper has the desired recuperative effects from fatigue resulting

from loss of sleep.

Subjects who typically do not nap may well be more heterogeneous

than we had anticipated. There are at least two types of non-nappers;

the group we focused on in this study are subjects who do not nap because

of the unpleasant consequences they have experienced when they tried

to nap in the past. They do not believe they gain any benefit from nap-

ping. There, is, however, another Jnr)1 p Of sub cts who do ?ot 11,t'
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because of time considerations rather than any dissatisfaction with th

experience. Many of these subjects have napped more frequently in the

past than they do now. Although the data is limited, it would seem that

they share some of the characteristics of the replacement nappers in the

present sample. However, the focus of this report will be on the non-

nappers who find the consequences of napping are unpleasant and non-

recuperative.

... .- .... " .... ... f , ........ .. ...II ... .' .. . " T / I f ..... ... .. ... 1
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3. LABORATORY NAPPING STUDY

The primary aim tor the past research period was to examine

some of the subjective and physiological changes when habitual nap-

pers and confirmed non-nappers were asked to nap in the laboratory

during the day while being monitored by standard EEG and sleep labora-

tory procedures. We were able to capitalize on tih extensive study of

napping patterns by using those extreme subjects who enjoyed napping

frequently or who consistently avoided napping because of the unpleas -

ant effects associated with daytime sleep.

Subgroups of nappers were chosen who seemed to represent,

by their questionnaire responses, either those who napped primarily to

replace lost sleep, or those who seemed to nap primarily for a variety

of reasons having little or nothing to do with fatigue. In addition, we

rxplored, in terms of reported sleep patterns, some issues related to

the incidonce of napping in relation to both the previous and subsequent

night's sleep, as well as to regular sleep patterns.

Because morning, afternoon, and evening naps differ in terms

of the incidence of REM and stage 4 sleep (Maron et al. , 1964; Wf,ub &

Agnew, 1967; Webb et al., 1966), the laboratory nap was confined to

the afternoon period. The subjects' naps were restricted to one hOur, as

this seems to be the modal nap length reported by college students

(Tune, I969a; Lawrence, 197 ).



Laboratory Nap Procedure

Recruitment of Subjects. From a total of 946 nappni q que-:tioi-

naires, each of 114 subjects, who not only qualified a novi.; ,r

nappers according to the criteria described above but also had ex-

pressed interest in taking part in laboratory ,Ieu i ,.iiwh , w r( s,'t

a letter inviting them to participate in a three and one-aiali h)ur stuuy

in the laboratory. if they were interested ii, pa wtipot ii,;, th-,, wer

asked to call to make an appointment. When a :anject telephon,-d, fur-

ther background information was secured. It the ;ubjoct had not partic-

ipated in previous psychophysiological research in the. laboratory or in

sleep research elsewhere; if he was not currently in psychotherapy,

had not been in therapy within the last six months, arid was not con-

templating therapy; if he was between the ages o 1.8 ixnd 37; it he

learned English prior to the age of 10; and if h, was not taKin; any

medications daily, the present experiment was dtbt .'lwd to hin.

"The purpose of this experimnt i.s to inves-

tigate the physiological events assoeiated witt

sleeping in the daytime. The study involves attach-

ing several small electrodes to your head. These

electrodes are very small disks, just about the,

size of a dime, which are attached only to the sur-

face with water soluble paste. Other similar small

olectrodt,:i will he attached to your handL: and
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chest with easily removable tape. We will then

record from these electrodes while you take a

brief nap in the laboratory."

Because the sample included non-nappers, questions occasion-

ally arose over the telephone whether the subject felt he would be able

to nap in the laboratory. In order to prevent undue concern about being

able to sleep, which in turn might interfere with the individual's ability

to do so, the question (when it arose) was handled as follows: The

sche~duling assistant emphasized that while we had found, when time

was; set aside for that purpose, most subjects were able to go to sleep

in the laboratory, it was not essential for the success of the study that

they necessarily fall asleep; rather, so long as they were able to rest

comfortably they would be providing valuable physiological data needed

for the study.

No subject was scheduled earlier than 11:45 a.m., nor was any

subject scheduled after 5:45 p.m. Thus, the earliest nap in the study

began at 12:45 p.m. and the latest by 6:45 p.m.; while the arranging oI

the time for each laboratory nap session had to be within the limits of

the subject's schedule and his preference for when he usually nap e,,,d,

a generally successful attempt was made to schedule most subject:.

between 1:30 and 4 p.m.

Each subject was offered $5.25 plus $.75 for transportation tor

the three and one-half hour session. All subjects received a htt( r re-

minding them of their appointment two to three day., before their
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scheduled session. The letter also stated that no medications (either

relaxants or stimulants) or alcohol should be ingested within 24 hours

prior to their scheduled session, that from the time they arose on the

morning of the day of the experiment they should not take any rest or

nap prior to arriving at the laboratory, and that while coffee or tea was

all right on arising, they should refrain from either after 9 a.m. )n the

day of the study.

Procedure. When the subject arrived at the laboratory, he com-

pleted and signed a Background Information for Participation form which

includes the standard informed consent statement used in the labora-

5
tory. H(, also completed another sleep questionnaire further ,xploi -

ing his qeneral sleep habits. This questionnaire was desioned to

assess subjects' standing on several dimensions of sleep satisfaction

which we reported last year.

The subject was then introduced to the first of three investiga-

b
tors who spent some time explaining in detail the purpose of the study.

The aim of this procedure was to establish rapport with the subject, to

explain the functions of the research laboratory, and to inform him

about the laboratory sleep study. Again an attempt was made to reas-

sure the subject that, while the aim of the investigation was to study

aspects of daytime sleep, the subject should not be unduly concerned

about how long it took for him to fall asleep or even if he had difficulty

in falling asleep, as his resting comfortably provided important data

t(i .1w study\,. This point was made during th,, interview with al
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subjects, but was designed primarily for the protection of the non-nap-

pers, some of whom were expected to be unlikely to fall asleep. The

subject was not told how long he would have to sleep or rest, although

he knew the total length of the session to be three and one-half hours.

He was also not informed what criteria had been used to select subjects.

The subject then completed the long version of a questionnaire which

explored in detail typical sleep patterns and a variety of variables

associated with sleeping. Three of the eight pages of this question-

naire constituted the sleep diary described below, and only data from

these pages are discussed in this report.

Physiological Recordings. The subject was tnen introduced to

the investigator conducting the sleep session. lie was given the Sub-

jective Sleepiness Scale. This is a 10-point unidirectional scale on

which the subject marked how sleepy he felt at that particular time.

The Position 1 on the scale was labeled "wide awake" and thn Position

10 was labeled "the need for sleep is overwhelming; sleep is unavoid-

able."

Standard sleep monitoring electrodes were explained to the sub-

jects as they were applied. Right parietal, right and left occipital EEG

electrodes (C4, 04, and 03) were referred to the corresponding mastoid

using Beckman bio-potential mini-electrodes. The same electrodes

were used to record EOG from the left and right outer canthus to the

nasion. These were the main variable.; involved in the scoring of the



sleep records. In addition, heart rate was recorded using leads from

the left clavicle to the left ventral region below the ninth rib, and skin

potential was recorded using silver silver-chloride sponge electrodes

attached on the left hand at the hyperthenar eminence to a drilled site

on the dorsal arm near the elbow. In male subjects, abdominal and

thoracic respiration were also measured with strain gauges. In females,

respiration was measured using a slightly different method allowing

the strain gauge to go over clothing. In addition, for females finger

pulse was recorded instead of heart rate, using a LED-photo transistor

on the third finger of the left hand, first phalange.

The subject was encouraged to make himself comfortable in the

bed and, after the lights were turned out in the dark sound-attenuated

sleep room, the Subjective Sleepiness Scale was administered again

and oral temperature was also recorded. A two-minute eyes closed

baseline alpha-density period was recorded before the subject's nap

period began.

After 60 minutes elapsed, the subject was awakened by a loud

buzzer. In accordance with the previous instructions given to the sub-

ject, he was to immediately pick up a bedside telephone to turn off the

buzzer and indicate that he was awake. His reaction time from buzzer

onset to picking up the telephone was recorded as one possible measure

of the difficulty he experienced in arousing and orienting himself. This

was also compared subsequently with his EEG arousal latency from when

the subject was still asleep at the sound of the buzzer until the
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appearance of alpha activity. The subject was immediately asked "How

long since I spoke to you last?" and then to make his rating on the Sub-

jective Sleepiness Scale. The subject was then given an evaluation book-

let containing a fourth Subjective Sleepiness Scale, a similar scale rating

how satisfying the nap was, and related information describing the nap.

After the electrodes were removed, he was introduced to a third inve.t-

gator who conducted the post-experimental inquiry.

Post-Experimental Interview. Crucial to the design of the study, this

inauiry was carried out by an experimenter who was kept blind as to whether

the subject had slept (according to EEG criteria) during the experiment, a,"

well as to the nature of the subject's original ouestinnaire responses and

categorization prior to the experiment.

The interviewer's task was to independently assess the subject's

sleep patterns and napping history. While the napping questionnaire was

designed to help identify confirmed non-nappers, replacement, and appeti-

tive nappers, it was not expected that the ouestionnaire responses would t)(

sufficient as the sole criterion to select representative subjects in each

category. In the final analysis, a carefully conducted individual inter-

view was felt to be the best available means of validating the class ifica-

tion criteria. For this reason, subjects were retained in the study only it

the blind judge's assignment based on the interview coincided with the

categorization on the basis of the questionnaire.

Prom the point of view of efficiency it would, of course, flF, br( ,n
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simplest to carry out the inquiry into sleep patterns before deciding which

subjects were to be invited to the laboratory. However, every effort was

made not to focus the subject's attention unduly on the importance of

sleeping in the laboratory; i.e. , the sleep questionnaire had been admin-

istered as a parametric investigation and care was taken not to connect

the subject's responses to the request to participate in a laboratory sleep

study--which was usually made weeks later. In our view, to carry out an

interview focusing on daytime sleep patterns prior to the subject's sleeping

in the laboratory would have tended to prevent non-nappers from sleeping

and might also have brought about other unforeseen and undesired changes

in subject behavior. It seemed a reasonable trade-off to accept the rela-

tively inefficient procedure of carrying out a criterion interview after the

individual had slept in order to make it relatively easy both to keep the lab-

oratory staff blind as to the subject's status and prevent undue concern on

the subject's part about his ability to sleep during the experiment.

The interview typically lasted about 35 minutes. While the inter-

view was as nondirective as possible, it eventually proceeded to more

specific questions, depending on the information already elicited spontane-

ously from the subject in his comments about his experiences in the study

and his previous history of napping.

7
Results of Blind Categorization. There were 52 subjects who

c:ompleted the laboratory sleep study of which 7 were excluded 1,,l

8te chnical reasons. In 33 instances the blind judge's categjorization
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was the same as that based on the questionnaire and these subjects

therefore met the criterion of the study. Nine of the 12 discrepant in-

9
stances were from the same group and may represent a special sub-

10
category of nappers. The 33 subjects who qualified for the experi-

ment and were studied in depth included 11 appetitive, 10 replacement,

and 12 non-nappers.

Sleep Diary. At the completion of the interview, the subject

was thanked and paid for his participation. However, before he

departed, he was invited to take part in a continuation study. He was

told that it wouid be helpful to have more detailed day-by-day informa-

tion regarding sleep habits, and he was invited to take home a binder

containing 14 copies of a three-page sleep diary questionnaire ( a copy

is in the Appendix). If the subject agreed, he was asked to complete

one of the questionnaires each morning for the next 14 days, prefer-

ably shortly after getting up. When completed, the diary was to be

mailed back to the laboratory in the stamped, addressed envelope pro-

vided. While prior to the request to complete the diary it had been ex-

plained that the laboratory napping study was complete in itself, no sub-

ject refused to take home the sleep diary. Subjects were paid an addi-

tional $5 in advance for their time in completing the sleep diary.

All except 3 of the original 52 subjects returned the completed

sleep diaries. However, in a few instances the diaiies wore nct kept

on coniecutive days, either because of interruptions caused by ,oll, ,
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vacation periods, conflicting schedules, or forgetfulness. All subjects

completed the diaries the day after they t.ad slept in the lab and most

of the diaries were completed in a minimum of two consecutive periods,

even if there was a delay somewhere in the middle of the period. Oriv

those returned by the 11 appetitive, 10 replacement, and 12 no:-nap-

per subjects will be reported here.

Sleep Protocols. All of the sleep psychophysiological records

were scored independently by two judges who were blind as to the sub-

group membership of the subjects. The records were scored in 30-sec-

ond epochs according to the standards defined by Rechtschaffen and

Kales (1968). Discrepancies were resolved by a third independent

judge.

Results

Laboratory Napping: Physiological Concomitants of Napping

EEG Sleep Onset. It had been predicted that individuals who met

the criteria for nappers, either appetitive or replacement, would sleep

more in the laboratory situation than non-nappers, and that differences

in sleep patterns would be observed between the groups. We were sur-

prised at how readily many of the non-nappers actually slept, consider-

ing both the laboratory conditions and their normal tendency not to sleep
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during the day. In fact, only 3 of the 12 non-nappers failed to sleep

during the 60-minute period according to the standard EEG criteria.

In addition, 1 of the 10 replacement nappers did not fall asleep.

Because of the undue influence of non-sleep on many of the relevant

sleep parameters, and as the emphasis was on the nature and effects

of napping, the failure to sleep in these few subjects is noted, but

(unless specified otherwise) these subjects were eliminated from the

following analyses. Thus, the data below is based on 11 appetitive,

9 replacement, and 9 non-nappers. Basic parametric data in terms of

length of time in various sleep stages, and the number of distinct

epochs of each sleep stage separated by at least 30 seconds of a dif-

ferent stage, are presented in Table 7.

Both appetitive (13.6 minutes) and replacement (11.6 minutes)

nappers fell asleep more quickly, defined by the initial onset of stage

2 spindles, than non-nappers (25.7 minutes; p< .02; E <.01, respec-

tively). Thus, our main prediction concerning the greater readiness of

nappers to fall asleep on demand was confirmed in the laboratory nap

using physiological criteria, just as it had been repeatedly confirmed

from the questionnaire data.

There are secondary ways in which sleep onset can be observed,

particularly by the appearance of slow rolling eye movements (SEM)

which is usually coincident with the onset of desynchronization of

alpha (Oswald, 1962; Paskewitz & Orne, 1.972), and with the initial

onset of stage 1 sleep marked by the totally alpha free desynchronized



TABLE 7

Parameters of EEG Sleep in Nappers and

Non-Nappers During 60 Minut( Daytime Nap

EEG Variable Non-Napper Appet Replace .
N=9 N=I! N=9 t-tests

Sleep onset (mins.) 25.7 13.6 11.6 N > (A,R)

Time in Stage 1 3.4 8.1 4.4 A > (N,R)

Time in Stage 2 16.5 16.0 18.6

Time in Stage 3 13.1 15.7 19.0

Total sleep time 33.0 39.8 42.0 R > N

No. of Stage I epochs 2.7 7.0 2.6 A > (R, N)

No. of Stage 2 epochs 1.3 2.6 1.9 A > N

No. of Stage 3 epochs 0.6 0.9 0.8

No. of awakenings *

> 3 min. 0.1 0.6 0.4 A > N

Note: All differences I<.05 or better, except where * indicates
p <.10 for specific comparisons. Groups enclosed in parentheses
indicate that each of the subgroups differs from the other group(s)
opposite the inequality sign.
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fast amplitude EEG. For both appetitive and replacement nappers the

onset of SEM (after 7.50 and 6.71 minutes respectively) and the onset

of stage 1 (after 8.36 and 6.54 minutes respectively) was significantly

faster than ftr non-nappers (SEM: 2 1.6 minutes; Stage 1: 23 .7 minutes;

p <.002 for all comparisons). However, in spite of the similar total

length of time asleep, discussed below, staqe I onset lasted for 3 and 5

minutes for appctitive and replacement nappers, but only 1.4 minutes in

non-nappers. Incidentally, while this was almost all of the stage I ob-

tained by non-nappers and particularly replacement nappers, it was only

about 55 percent of the stage 1 sleep obtained by appetitive nappers.

Some significant aspects of this finding will be discussed below.

Sleep Stages. There were no significant differences between

the total length of sleep (either including or excluding stage 1 onset

in the definition of sleep) or time spent in stages 2 and 3 among the

three groups. Even though nappers fall asleep more quickly in the labo-

ratory, their nap is not necessarily longer than that of non-nappers. How-

ever, at least for the appetitive napper it is quite different in its

structural characteristics. Many of these features can be seen in the

sleep profiles for a typical subject; a representative example for each

group is shown in Figure 1.

Appetitive nappers had an average of 8.1 minutes of stage 1;

significantly more than the 4.4 and 3.4 minutes obtained by tne replacement

napper and the non-napper subgroups respectively (L) < . 10; p < .05).
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FIGURE 1

Sleep Profiles for an Appetitive Napper (A), a Replacement Napper (B),
and a Non-Napper (C)

These sleep protiles are for the 60-minute laboratory nap period for typical subjects.
LenqIth of time is plotted in each of EEG-sleep stages (defined on vertical axis):
Awake, Stage 1, Staqe REM, Stage 2, Stages 3 and 4 (delta) sleep.



There were typically 7 such epochs scattered throughout the nap, com-

pared to less than 3 each for the rcmaining 2 groups (L < .05; £ < .05

respectively). While 10 of the 11 appetitive nappers showed this

cycling phenomenon (as rated by a blind judge) only 9 of the remaining

25 subjects showed it (exact p < .01).

Differences in the occurrences of stage 1 and the tendency to

cycle through light sleep stages noted in nappers in our earlier report

were confirmed in the present study. These earlier results are further

clarified because it is clear that it is almost entirely the appetitive

nappers who cycle repeatedly through stage 1. Stage 1 is sometimes

referred to as drowsiness, or sleep onset, and is frequently associated

with the hypnagogic reveries that accompany sleep onset.

The appetitive napper has more epochs of stage I in his nap,

and as a result he spends more time in stage 1, particularly after

sleep onset, than other subjects. However, he also has more epochs

of stage 2 and stage 3 than other subjects. The appetitive napper's

sleep is therefore quite cyclical, relatively unstable or poorly developed

in terms of the usual orderly progression of sleep records. He has more

than 11 changes in sleep stages in 40 minutes of sleep, compared to

only 4 or 5 such changes in the 33-42 minutes of sleep of the ther

subgroups. Lawrence (1971) also noted a high frequency of sleep stde

changes in her study, but it now seems clear that this cyclical, ,.rhaps

lighter sleep is experienced primarily by the appetitive napper.

While the tendency toward rapid cyclinq betwoon stage I , 2



and awake is particularly pronounced among appetitive nappers, no

data is available which might clarify the reasons for this interesting

psychophysiological response pattern. It is possible that for the appeti-

tive napper in particular the greater amount of time spent in stage I as

a consequence of cycling allows for more hypnagogic reverie wiiich,

in turn, may satisfy psychological rather than biological needs.

Observations made in the previous sample,where it was seen that even

brief periods of napping significantly reduced anxiety and increased

surgency in habitual nappers, may be relevant. Anecdotal data would

suggest that these kinds of naps may facilitate problem solving.

Another aspect of cycling would seem to be that it allows the individual

to remain in light stages of sleep and remain vigilant vis a vis his

environment. In delta sleep, auditory thresholds for awakeninq in-

crease greatly compared to stages I and 2; further, significart perfor-

mance decrements are seen immediately on awakening from delta epochs--

while no such decrements occur when an individual is awakened from

stage 1 or 2.

Previously it was suggested that one of the possible differences

between habitual nappers and non-nappers was in the- incidence of deta

sleep. Further, there was some indication that nappers who entered

delta sleep durim; a relatively brief nap reported that particular nap as

an unsatisfactory experience. It seemed plausible, therefore, that

habitual nappers had learned to inhibit delta sleep in brief naps while:

non-nappers failed to inhibit delta sleep durino a brief nap, and th,

---- - I--- - -- -- 1 --- 1



consequent discomfort would account for their wish to avoid napping in

its entirety. In the present study we have been unable to docume:it an

association between dysphoric affect on awakening and the presence of

delta sleep. This may in part be related to the somewhat longer period--

one full hour--which was available for the subject in this instance.

Another difference between the present and the previous study

which had initially not appeared to us as important may turn out to have

a very significant role. In the earlier study subjects were awakened

five to twenty minutes after nap onset and asked wiiether they had been

asleep and how much time had transpired since the light had been

turned out. In retrospect, it appears that this procedure elicited cycling

behavior even in partially sleep-deprived subjects. It may well be that

under circumstances where the subject expects to be aroused he seeks

to prevent himself from entering delta sleep. When he nonetheless does,

it tends to be associated with dysphoric affect. This is, of course, an

extremely tentative speculation, reflecting the serious lack of para-

metric information against which to evaluate the psychobiological

nature of particular napping episodes. While in the present study it

seems clear that napping serves different functions for the appebtiv(

and the replacement napper, future work will reed to determine whlat

occurs when appetitive nappers are sleep deprived and thereby f,rced

to utilize nappinq for replacement purposes. Self-report data indicates

that appetitive nappern are able to do this succssfully but as yt t we

lack any information a)out the physiology of naps in the same ub cts
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that are required to serve different psychobiological functions. We

anticipate that as these issues become clarified we will better under-

stand the function of delta sleep in the context of relatively brief naps.

Other Physiological Differences. In addition to sleep latency

and sleep patterning, other physiological differences were noted be-

tween the groups and are summarized in Table 8.

The napper groups each had lower oral temperatures (around

98.40) at the beginning of the nap period than did the non-nappers

(98.80; t = 2.35; df = 35; p <.05). Across all groups of subjects, oral

temperature declined during the nap period. This decline, however, was

significantly greater for the replacement nappers (-.440) and particularly

for the non-nappers (-. 610). It is not clear why the non-nappers had

such high initial temperatures. Since temperature normally declines

during sleep, and even in the evening hours before sleep onset, it is

possible that the lower temperatures of nappers was one indication of

their readiness to fall asleep quickly. Alternatively, the significantly

higher levels of physical activity during the 24 hoLIrs preceding the nap

(both compared to their own daily average and that of other subjects)

could account for the higher initial temperature of the non-nappers.

This could have been the way the non-napper tried to prepare nifliself

to be able to nap in the laboratory. It could also partially explain the

sleep onset problem for the non-napper: perhaps sleep does not tend to

occur until this initially high temperature is lowered.



TABLE 8

Comparison of Nappers and Non-Nappers During

Laboratory Naps on Related Physiological Variables

Non-Napper Appet Replace t-test

Oral Temperature (.F)

Pre-Nap 98.79 98.48 98.38 N> (R,A)

Change after nap - .61 - .16 - .44 N> A

Skin Potential

Pre-Nap -30.9 -43.4 -30.4 A>R ,N

Change after nap 13.0 21.9 13.1

Alpha Density Percent

Pre-Nap 49.8 77.4 70.2 N< (A,R)

Change after nap +9.7 +2.1 +8.3 N > A

Note: All differences p < . 05 or better except where * indicates
< 10 for specific comparisons. Groups enclosed in parentheses

indicate that each of the subgroups differs from the other group(s)
opposite the inequality sign.
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Basal skin potential at the start of the nap was significantly

more negative for the appetitive nappers than for the other subjects.

As expected, at the end of the nap period all groups had less negative

skin potential than at the beginning, and there was no longer any dif-

ference between them. However, these electrodermal changes must

be interpreted cautiously since there was a considerable amount of

missing and unscoreable data, particularly after the nap.

Of particular interest was the finding that nappers had greater

percent time alpha than non-nappers at the beginning of the nap; mnce

again, the change from before to after the nap observed for the appeti-

tive nappers was less than for the other groups. Alpha density remained

significantly lower for the non-nappers throughout. Incidentally, as

the alpha density baselines for the appetitive nappers were so high,

it seems unlikely that the light sleep cycling noted was due to diffi-

culty in discriminating awake from stage I (which would he more diffi-

cult with low alpha levels).

These data suggest that appetitive nappers show less physio-

logical change as a function of the nap than ,i. :,eplacement nap-

pers or non-nappers. This stability is in part a function of the "non-

aroused" baselines at the beginning of the nap. The extent to which

this contributes to the positive subjective effects )i the nap ior appeti-

tive nappeis is a question of considerable interest.

In ieneral, the relatively few differencei betwoori the i.appers

and non-nappcers in physiological variables are n,o.;tly ,IU, to ti''



different style of cycling sleep that occurs with appetitive nappers.

The naps of the replacement napper and the non-napper were not par-

ticularly different in terms of the EEG distribution, confirming our

impression that napping for replacement subjects is more typical of

regular sleep.

Subjective Effects of Laboratory Naps

Sleepiness. Four times during the experiment the subjects

were asked to rate, on a scale from 1 to 10, how sleepy they felt at

that time. Prior to electrode attachment, nappers in general rated

themselves as sleepier than non-nappers (t= 2.21; df = 35; p < .05).

The mean initial sleepiness rating of appetitive nappers (5.35) was

significantly "sleepier" than non-nappers (4.00; p <.10). However,

replacement nappers (4 .73) did not differ from non-nappers.

After the electrodes were attached, immediately after awakon-

ing from the nap, and again after electrodes were removed, there were

no significant differences among the groups. The final ratings for

appetitive and replacement nappers and non-nappers of 2 .54, 2.44,

and 2 .89 did not differ significantly. However, nappers rated them-

selves significantly less sleepy at the end of the nap than at the be-

ginning of it (p < .005; p < .05 for appetitive and replacement sub,,cts).

The change from pre- to post-nap sleepine-;s was not significant tor

the non-na ppers.

Nappers showed a significant "waking up" effect; siInificant



Iucrea~ies were observed between the third scale presentation inmleoii-

a:.yafter o.,wakuning , an1d the fourth giveni after (Aectrodes weri

x~ovd .Thus, to the extent that these rating--, can be interpreted

reliably, appetitive nappers wcre sleepier than other subjects at the

outset of the laboratory nap. All nappers were less tired after slec-piivt

'[hough this was noted after they had been awake for several minutes, .

In gemnal, non-nappers received no subjective? ienefits from the nap,

efelin(: about the same as before it.

Depth of Sleep. No differences in ratingrs of depth of sleep

during the nap weru found between groups, whether at the end of the

nap or at the deepest subjective point during the nap. That the slet

was considered to be reasonably deep was indicated by the mean

I 0-noint scale ratings of 7.8 and 8.3 for nappers and non-nappers

Satisfaction with the Nap. After awakening, subjects wore

u skod to re port ont a scale from -5 to +5 their satisfaction with the nap.

The wa ; pr( :encted againi after electrode s weo removed and s <

jects had moved around in the laboratory. Nappers reported being

iqni fca~Tnk'mi sati sfied with the nap than non-nappers during both

thr, first (+Z2. 51) versus +0 .78; t = 4 .50; p < .002) and second (+2 .78 ver-

,;is +- L.Zt t 0U5; p < . 001) presentations of the scale. Thus, niap-

pet.; it: 1"I'tol enpit-essr' I .;atistaction with the tap, whereas the
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non-nappers did not: their initial rating did nat differ significantly

troin a zero rating, indicating a subjective neutrality about tn,,ir s,.

Appetitive nappers and non-nappers felt more satisfid Oft .

b)ing awake for a period of time than after first awakening. Ihowever,

replacement nappers did not change their satisfaction ratings.

A scale similar to the satisfaction scale, asking subp ct:i

rate whether they were feeling worse or better as a function of th r

nap, was also presented twice. The correlation between the initial

".atisfaction" and "feeling better" scales was .75 for the whole Sam-

ple. These scales seem largely redundant from the subjects' perspoc-

tiv, and a parallel set of results was obtained with the "feeling etter"

scale.

These results seem consistent with the depth of sleep ratings,

indicating that the subjects, with the exception of replacement nappers,

uoK a little time after awakening before the positive subjective effects

oi thu nap were noticed.

Arousal Time. An attempt was made to explore this "slow

I.
ar,,usal" by e-xamining two reaction time measures made immediatoly on

awakening: (a) time taken to show any EEG signs of arousal and (h) tir

taken to answer the loud phone next to the bed to report their subjecti\:,v

.leepiness rating.

The fa.,test EEG arousal time was obtained in the non-napper

*:r, P () .5 ,:conds) thoucih this differed significantly from oily thl



,ipp,titive nappers (0.87 seconds; t = 1.76; p < . 10). In fact, reiaci-

Act nappurs had the slowest reaction time (1.24 seconds) but as a

1roup were extremely variable. Phone reaction time, however, wa:;

significantly faster for appetitive nappers (3.88 seconds) than for non-

ipper-; (5.44 seconds; p < .05) and replacement nappers (6. 92 seconds;

i ..05).

An index of arousal lethargy could be derived as the difference

between the time it took to reach the phone less the EEG arousal time.

As would be expected from the subjective ratings, appetitive nappers

nwoke faster (3.01 seconds) than replacement and non-napper subjects

(5.b8 and 4.87 seconds respectively, p <.025; p <.20). As appetitive

.,eappers were predominantly cycling in and out of drowsiness and light

sleep, tifs is not altogether surprising.

The isiterpretation of these findings, however, requires consider-

,,e cautim)n. For the combined sample of 29, speed of recovery froni thw

;iap, as idexed by the difference between EEG and phone arousal reac-

tion times, correlated positivly with whether subjects were awake at

rlir c-i.d )f thc session (.33;. < .05), how tired they were before the

, P cil (p -. 311; P <.02), and decrease in oral temperature duri!i '

nap r = .44; p < .01); negatively with the length of time in stage 2

(-.31,; P < .025) and stage 3 (-.36; p <.05) sleep, and wakinq alpha

density both before (-.39; p <.02) and after (-.36; p < .05) the rap.

The lattcr correlation may only mean that a measure based on ELG

aro, ;mI, d, fine iny the presence of alpha, may not be a very qood



, i n.je t. je ixoatnq little basulino alpha.

Accuracil of Subjective: Time Estimate, . In our previou's; re!ne f

W.: Ia'i t,,Itativ, 01 oun, d evidence indicating tnat nappers and ,on-nap-

eo .e ; bU nsine, aiff(,rent criteria for what they con.s ier to >,r sleep,

at ], t ... il, , appi cj. This evidence was derived primarl fro,.

tInatel elms estimates of how long their laboratory nap had lastee.

Av, ia qi 5 subjects over 7 days, we found that nappers were m.re

i. !rate iii estimatien sl(,ep time if stage 1 onset is excluded fr n-

'EEC criteria of sleep. However, if stage I is included in the

;lo p criterion, th cii the non-nappers were significantly more accurate

tneir estimates.

The results in the present study are not as clear-cut. The

pre sent nan length was 60 minutes compared to 30 minates for each

.ap in the earl -.r study; and the data are available for only one nap

iather then an avern.ue of eiqht naps, In general, nap length esti-

:sates in this study were highly variable in all groups (more so in non-

po.t - -A less so ia appetitive nappers) . Subjects tended to overesti-

).() the, h lt lw ln asheep in terms of either way of dofin ing

li.,-.epancibs in the subjective and EEG estimates of sleep

.-t1d in Figure 2, both excluding and including stage I

- in . ci sleep. Allowing for the tendency toward ovcr-

,,trend ot the data was similar to the previcu.,;
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Misjudgment of Time Spent Napping

A: Excluding Stage I time(; B: Including Stage 1 time in the definition of
total EEG nap timef

N-N: Noni-Napper; AN: Appetitive Napper; RN: Replacement Napper
(N: Unclassified Napper in previous study)



analysis;, however , none of the. differentces lhetwee n no ppers and rioti

iopeer. , noi thi, diffoeenes betwee-n U10 diiterenIt t~ipes 01 ar:

wrce sin ficant-partly becau se ()f the extreme variability of tni-(

timtfates . In qeneral , appetitive iiappers overes tim ated sleep length

~v wes~1. was Xiu; but underestimated when stage I was

icludei (t = 9.28; L K.00001). The replacement nappers under(esti-

iiat( -I sleep iength regardless of how total sleep was defined . H-ow-

ever , non-nalpoers overestimated sleep time by ). 3 minutes.

Subjective time es;tiimates of sleep onset, and the number of

time(s the subjects awakened during the nap agreed closely with the

LEG data. Replacement nappers tended to overestimate the length of

timt it rociuired them to fall asleep by 4. 25 minutes L( 1. 98; < . 10).

Appetitive nappers and non-nappers estimated sleep onset accurately

wi thin I :iinute , even though the latency to sleep onset in these two

*ubrnupsS wasuite difficot.

II (10n1ril , subjects ceuite accurately reported the numbei of

'imes they thougjht they awakened compared to thec EEC data. However,

.in'titive nappers, reported that they were awake fewer times than the

I"cl indicated (wh core EUG awakenien ls we!re- defined as being

re(ater than. thiree minutes' duration) . The tendency to underestimate

'{.lr-ir!y of awakeniing 1. t 99; L < . 10) nay he In part a tunction (A

appetitive napi er's definition of what con stitutes sleep, particularly
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S ,)e Suggestive Trends from Correlational Data

We went' en -ticiiir y in terested in determininq what factors

,,;Ight predict whether the subject would be satisfied with the latiora-

Ltyiv ej. a:id the extent to which these predictors were differec.t lur

ttw three groups of subjects. We were also interested in whicr. of tt:f

variables other than EEG sleep stages might differentially relate t. t ,

Uii, giCO it the different EEG stages of sleep during te nail.

Recovery from Fatigue. While several ratings of recovery from

fatiguo were, tal eni , the difference in ratings on the 10-point scal,

askinq how s]eepy the subject was at the beginning and end of t.ce so.--

sion .seem to bes reflect recovery from fatigue. For the non-napper,

,rly the s?bject's Judgment (but not necessarily the EEG evidence) t'.at

ho wa:: awn, k at the end of the 60 minutes correlated with thr, magnitud(_

,,i tht n:,( !very from initial fatigue (r = .62;p < . 10). The longer tee re-

ape :it iapper felt it took him to fall asleep, the less recove:y froe

iitLi'- ahe rmirtec (_ -. 68; p < .05). In contrast, the appetitive na;-

ner wiio felt il took longer to fall asleep was muc,: less tired after n.,ap-

' .r (i .7; j . 10), particularly if he rated himserlf a,, .Jeeping dk.(e ,--

y I . 1 ; L <. .05), ad :sle(epinq for a lone time L = .54; 1 <. 10!).

The, appetitive napper also felt the nap helped him overconie his initial

tire m: 's; il liU: aw tc-kenodi 3lowly. W hether tie reeliin of beinq 1,2s. tiri-i

was I hiistinn of the tendency to cycle and dcen we henefit froi's, ;ta. -

i. ,ntati on i,; not cloar, hut could account for the difference ,wtwt, ;i

aIpp''titiv(e ;Ind re.plac(,ivIt ')rollp:s



Satisfaction with Nap. Subjects rated how satisfied they wr.

with the nap on a -5 to +5 point scale after they had time to fully rim,

rom their nap. In general, non-nappers, as reported above, w r,' Lo< t

as satisfied with the nap as were other subjects. Higher satisfaction

ratings were given by those non-nappers who had lower initial oral

thperature (_r = .68; K . 10), little change in alpha density from ire-

tc post-nalap baselines (r = .67-, , <.10) and rated themselves as see-

ig iqhtly L[ = -. 66; p <. 10). Nap satisfaction for the nun-napper thus

.;ad nothing to do with EEG sleep parameters as such. Replacemext

Lvaf) pers had a different criterion: they were more satisfied if theo fell

a:Aeep more quickly (r =-.60; p < .10), had more delta (stage 3) sleep

£r .63; p <.10), and felt they slept deeply (r = .68; p <.05).

In spite of these possible differences in factors accounting for

nap satisfaction, replacement nappers and non-nappers rated nap satis-

iotion higher if the', had a slower reaction time to the phone (_ .72

< .025; r = .70; _ < .05 respectively), i.e., if it took them a longer

t~f me to respond after awakening. Similarly, the nap was more satisfy-

i- the lonuer the di:;cropancy between the EEG and phone roacti, ti:.,

.,nick w- tentatively uon sidiered to be an index of t( rp,'rary disoi i,,,.ta-

.n (,-- .87; L) <.001; r = . 7; p <.10 respectively). It is partwcilail ',

.gnilij,-ant that nui fbi r t)-ws, arousal variables, nor any phys,.,orh -,l

.eep parameters, predicted nap satisfaction for appetitive napprs, and

,o)rie of th, corresponding correlations even approached significalice.

The only two variables that correlated with nap satisfaction for th(



appetitive nappers concerned the subjective passage of time. The

nap was more satisfying if the subject perceived the session to be

short (r = -. 68; p < .05) and particularly if he felt he slept for a

shorter period of time than the EEG indicated he did (r = -. 80; p < .01).

For appetitive nappers, satisfaction was unrelated to depth

ODf sleep (r o14), while for replacement nappers satisfaction in-

creased with sleep depth r = .68; p <.05), and for non-nappers

depth had a negative effect on satisfaction L= -.66; p <.10).

At the risk of overgeneralizing, nap satisfaction seems to be

a function of (a) the swift passage of time for the appetitive napper,

(b) rapid onset, deep sleep and arousal disorientation for the replace-

mont inapper, and (c) metabolic factors (low temperature, EEG "relaxa-

tion," etc.) along with post-nap disorientation for the non-napper.

Predictors of EEG Nap Parameters. There were some differences

:tvwe,. th,, wi:I,,;p:, in tho: e variables which were related to the hbasic

;I(!op parametors recorded during the nap.

(a) Lat ,;:cy to sp)indle in sleep onset: Replace-

t tij)pr.; wh, ,ll t-1 ,leoip ;uickly were more satisfied with th,: ldp

(r -L4 .0) , )ut woke up m)re slowly r= .80; p < .0025). Non-

rid,ipl,,r.: w t, l f,1 sIw'. anickly had less sleep the pievious night

(i-- -.62; i (.0I). None., of the physiological variables investigated

predictd ,lek, p m ,.et for appetitive nappers.

() Ti "i ( in, stae I . sleep: Replacement nappers whn



obtained more stage 1 were more tired before the nap (r = .72; P < .02),

and awoke more slowly r.= .80; p < .0025). Non-nappers with mor(

stage I also awakened more quickly (r = -. 66; p <.10). Again, thcre

were io correlates of stage 1 in appetitive nappers, except that tie

amount 4,f ,tage 1 correlated .80 (p < .002) with the number of stage I

epochs--a reflection of the appetitive napper's tendency to cycle

through light sleep during his nap.

(c) Time in delta (stage 3) sleep: Replacement nap-

pets with the most delta slee~p reported they slept more deeply (r = .66;

i <.05), felt more satisfied Lr .63; p <.10), awakened more slowly,

and experienced more disorientation. There were no important corre-

lutes of delta time for appetitive nappers and non-nappers.

(d) Total sleep time: Except where noted above, there

,,w.r( 1o important correlates of total sleep time.

( T Tim e a w a ke a t e nd o f n a p: Appetitive flappers worn,

.. i : ) ntlJ at the end of the session if they had been awak,, irr

,: ,, tYK.C 57 -. 5; 2 < . 10). Non-nappers who slept longei "ld-t

%vl. h'j ["rc' opochs ol staqge I ill the'ir LEGC nap I,.-. ' won(

S t I / t! w i ,, i a /:: tt ep o nd of thr : S ,I

It i, ",t 'wi )rSo, not pfOS:ibl, to tel how nin'h we ;,. I ly u

!f rrI'3 i )II, i Ionl ixtiernely -;IndlI 'dj; 311d1 copit'lizi: 1,;

K lilY' o dsqr,e or ch,,nce fluctuations, wh(le th deviant tspJo

,01 4nly o),, :iubject can radicallN, alter the miagnitude ()I a ,)1 (.li-

At l1,ast ;iiost of the results highliqhted abho'e sem 'onsu:-trnt

S&
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with other characteristics of the different types of subjects outlined

throughout tis report. Such data provide the basis for additional

hvpothes,-s regarding napping that can be tested empirically in latur

tudie ;.
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4. 15-DAY SLEEP DIARIES

The subjects who participated in the laboratory napping study cern-

pleted a sleep diary questionnaire for 14 days after the napping session.

Their tirst home diary report was always completed the day after they hIad

,.,trticpxated in the laboratory nap study.

There were several aims during this part of the investigation: (a)

We were interested in the day-by-day variation in such variables as sleep

length and onset, and the quality of sleep. There are a few scattered

studies which have had subjects in different populations report daily.'

sieep patterns. The recently available thesis by Lawrence (1971) is

probably the most comprehensive. (b) The diaries allow us to compare

daily sleep patterns in napping groups, and provide a means of confiris-

inq th,, validity of some of the statements made in the original napping

(41,0StlIlaire in which "typical day" ratings and estimates were iade

iTIc id',quacy of such data depends largely on th(_ care with whici, .,uc

diiri, s: arc kept. (c) We wished to explore the relationship between the

c'ur i~c f napping and its ,ffects on nighttime :sleep patterns. This

i:iwvvel two kinds of data. First, we examineI the effect of the. lab wa--

'.ory nap on the subsequent night's sleep. There are a few studie: ,x-

i,1)rinq the EEG stages of night sleep in terms uf whether naps- ,,ccurr(,d

0i certain times during the day. (Karacan et al. , 1970b), but we wer,,

pliirarily concerned with the subjects' self-rep)rted patterns rather

Ihan, at this time, EEG-monttored night sleep. Only limited aspects of



Kleitman et al.'s (1937) early study bear on this question. While theso

few studies attempted to investigate the effects of napping on tie sui:-

sequi vt night's sleep, no studies have addressed the relationship of

the previous night's sleep patterns and napping. Such data are likely to

shed light on possible reasons why subjects choose to nap, or not to nap,

oi a certain day.

A exploration of these issues was expected to clarify some of

our eailier results as well as providing some insights regarding when and

why .;cmiie people nap some of the time and what attributes can ie ::iean-

ngf(illy isolated that affect its incidence and enjoyment.

The problems of obtaining reliable self-report data of this kind

are well appreciated, and given the small samples of the present study,

although compensated for in part by how carefully the subjects were

selected, render this an exploratory investigation at best. Nevertheless,

.uch !'! inte.nsive .'slee:p diary over even two weeks has infreqkiently ie :,

r. port,d i the' Iiterative , except in the specific context of cu llecting

rPnlmIc,,cred drams , and we know of no similar attempt to keep any co: -

s n [. ,, Tir*(or(; r .at,,d to napping behavior.

General Procedur e

i'ie special sleep diary was derived from the Patterns of Sleep

Questinnnair that wel had been using in other work within the laboratory.

A copy i:; itta(c-h-d im th, appendix. A broad range of questions using a

nk id vu wty of i(ni -format was employed. Some rodundancy was



involved in order to check on the reliability of the reports.

All subjects filled out the longer version of the diary (but in-

cluding the same questions asked in the same consecutive order as on

subse quent days) after they first arrived at the laboratory and were

introduced to the purpose of the study. It was completed before the

tap period, and asked questions about the night preceding the labora-

tory nap, as well as the preceding day. This first completion will be

referred to as the pre-nap diary. Any major variation in response from

this day compared to the subsequent sequential two weeks presumably

reflected in part anticipatory reactions to the nap they knew they would

attempt to have within the laboratory setting.

On some rare occasions some subjects indicated some special

difficulty or anticipated atypical sleep patterns (e.g., imponcding exam-

ination periods, special vacation periods, etc.) in which permission

was gjvn to skip a series of days, as long as this was so indicated.

Iowever, the tir;t qe esLonnaire was always fillced in the night after the

laboratory nap, and this will he referred to as the st-ngp iary. The

!Il)wi;lj 13 day:. provided a teline describinio the subjects' actual

*, I ardl,,tct rs and h abi ..

Of the stihjects comprising the main subgroups analyzed in the

:,rTiJl. section, 12 non-nappers, 10 appetitive nappers (1 missinq) and

n re; !acm,.nt fappers (2 missing) were analyzed. The three diaries

;,-it i:ilyzed were not returned on time, but were all eventually obtained

(thouq I 'n( y wft, not completed on consecutive days).



Several methods of data reduction are being conducted, but arc

riot all completed. Pre- and post-laboratory nap days were compared

for the dififerent groups. A .. 3-day mean score on eac variable was

calculated for each subject, providing a mean baseline sleep perform-

ance for each subject. 12

A more complex series of analyses centered on the use of

"target' days. A target day nap diary was one which was filled out the

morning after the subject had a nap, whereas a target no-nap diary was

one filled out following days on which no nap was reported during the

preceding day. A comparison of the mean performance (on a particular

variable) based on all of the target day nap diaries with the target non-

nap diaries allows a comparison of napping groups in terms of the con-

sequences (on sleep parameters and satisfaction) of napping compared

to iiot napping. The first two diary days, which preceded and followed

th, laboratory nap, were not, for obvious reasons, included in this

tod c I analysis, although separate comparisons were made of these

LNvo special days. Adopting a similar logic, the parameters of sleep

which ma; have bee(.n determinants of the decision to nap on a particular

dy could he e.xplored by analyzing the diary records completed o)n th,,

morning on which the target nap occurred (i.e., referring to the day and

,git before tho nap or non-nap took place). While this precedinq niqht' s

sleep pararneter may have been in turn influenced by the preceding day's

decision to nap or not nap, sample sizes were too small to assume any-

thin(I other than these contingencies averaged out over the two groups.



It criould be noted that the napping questionnaire discussed

tnie oarhi'r section concerned cypical' or "general" self-

p It 1 iapuing and sleep characteristics. The sleep diary aiskud

: pec'irw questions within the same broad areas about 'last night" or

erdayV.

slet PPaaterns dig15Day Days

NLaPpers versus Non-Nappers. There were relatively few dif-

ference, L, tMe clay-to-day sleep patterns reported by the various grups.

rhis result may have been anticipated in view of the results already

reported showing relatively few differences in habitual sleep patterns

ioundl on the napping questionnaire.- In addition, any differences that

airw spe cifically a function of napping would be minimized in such a

(:rn1pdjr'swfi because sonme dys onj which naps occur are av'eraged with

icr no' n which no niaps occur. Presumnabl y for these iatter occa-

lvii: ' A ti- n nap per sujOt;could rea sonaL ly be expected to:- hav-e

Sleep polUtcrls quite- similar to those of noni-nappers . While somc .e

c !fic %,orn 1r:sn,,) madc in the folIlowing section, in general,

P':: ,~rtve,. tr-e: -v('riqiq responses over 15 duys were- quiteo similar

'1111 re-Tnarkanlvt (coisistv nt with corresponding re;sults obtainud frotr tht,

'i 4ninap,,inq quostionnaire that asked simnilar questions concerning

t'yiical conditions.

S,)mE differences between nappers and non-nappers were found

which seeu(med internally consistent. The nappers reliably rated themselves



,is beig more sleepy at the time they filled out the diary than th(: :Cf n-

:a!dpers (p < . 02), ailrhough there was no overall difference in, th

11:;." :laV Lc diaries were completed. The-:y also reported that they

:ould readily fall asleep at the time they were filling Out the diar.us

< 001) if they had the opportunity to do so. Nappers rated then-

s r: o3 a 10-point scale as sleeping better "last night' (8. 3t) t:lari

t -. 'i-riappers (6.86; p < .02).

Non-nappers reported it typically took them 2u.8 minutus to fall

s p at night compared to 17.91 minutes for the nappers L I .

' - 10). in particular, the appetitive nappers fell asleep (R I;.)

faster than the non-nappers (p < .05). While these times surprised us,

.hey compare favorably with the mean of 26 minutes latency reported iv

Lawreiicu (19/1) using a similar approach. However, thcs, actual

I 3--day average reported sleep onset times were about 5 rniut.s sowL-

titan t~ud,:)ft,;< on the a aping questionnaire for each one, (seu ra I).

Ir weral, both appetitive and replacement riappfurs fi ld -ut

'hJ, diaries n much the samu way. Appetitive nappers tended to rate

u.s,, Ln, ve as ri uLCh s ceui-er in the morning than the replacement napiiers

(9 .92: , < .001). mIere were also very few differences betw( n

apoetitive and replacement nappers.

D) fforences between Pre- and Post -Nap Diary Reports

Iritportant differences between the responses of subjects on the

"ilcup dlacy on the day tHwy slept in the laboratory (aId th 1 rt.c, i:
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night) Co:>,[ar,'.I,, t' rL s uo :e on the, day (and night) after they slept

m the labeit ', :r, , ' 3 , , 10, and 11. Corparisons

wiLt! t-, I i-d .' (*J, ,, ,: (.' id nq the prf.- and post-nap nights)

ire also sumnr, ,. From tu',s tables it is possible to draw some

conclusions r.gardifiq tmt o, iative benefits or ill effects of the labora-

tory nap i'. the napper and non-napper groups, as well as to check on

thu Ugreu to which the pre-nap diary was typical of the average diary

r,;sponses.

Tabl, 9 summarizes the descriptive parameters of sleep onset

and length for the pre- and post-laboratory nights, compared to the

average of the 13-day diary baseline. There are no major significant

differences between groups. Some non-nappers had considerably more

difficulty sleeping after the laboratory nap. That night they took an

,additional 11 minutes to fall asleep, and slept for about 25 minutes

less than thi-y typically did during the diary period. For both measures

,h a high degree of variability between subjects precluded statistical

significance, but post-sleep variability in sleep onset time was much

gr('atr thaii the baseline average or the pre-nap mean (V < .01). It

;(,ems that the nap actively interfered with the night sleep of at least

somo non-nappers. Although the differences are smaller, the appetitive

,iappur curtailed sleep both before and after the laboratory nap, but

this was less apparent for replacement nappers. However, while the

,iip ld the replacement napper to take longer than usual to fall asleep,

the appetitive napper fell asleep more quickly after the nap. While



TABLE 9

,)nm la ri son s of Estimated Sleep Parameters for Appetitive (N 10),

R,,placement (N = 8), and Non-Nappers (N = 12) for Nights

Preceding and Following Laboratory Nap Compared to

Two-Week Sleep Diary

StI Diairy 13-Day Ave Pre-Lab Nap Post-Lab Nap Basdiin

Estimated Tiin_. N-N App Rep N-N App Rep N-Na App R.1

Time to bod -

last night 01:01 01:06 01:07 01:07 01:12 01:25 00:57 0 1:12 0n>

Time awake
today 08:4 6 08:30 08:48 08:35 08:10 08:55 08:25 07:7

Hours slept
last nioht 7:12 7:0-1 7:22 7:01 6:42 7:04 6:42 0:3 1 7: r

Minutes to
fall asleep 2. ). 18 7 19.7 27.7 16 _5 2 -0.3 40. , 15 . 25.)

•Non-napper variancc greater on Post-nap night than on Base 13 day or Pr,-'cap

. F = 8.82 , p .01 for post-night compared to baseline va:iance of minutc; t, tai!
a lopres e("U vely),

Note.--1e- any within group comparisons, differences between means art, ii:-gIqr1fl-
cant, althouqh re placement nappers are more variable post-nap. Betw(crt q i ' i :nif I

cance tests ar(, not r, cordtd on this table, though there are virtually no :luh.:rjui lift -

ences on any of these measures except for the greater variability of non-na' 'r
rt. *lau inent napj,,rs t,, a m. 11cr degree, compared to appetitive napp~cr:,.

°These data exclude I non-napper who did not sleep at all during the niql.t at.
the laboratory nap. It is not clear whether this was related to the naj , ,r ,xeluziv(wly
duo to the followiiiq day's ,xaminations. This subject's data for th, rLrl, :n;1ts
w is quite typical of tho res.t of thp group.



these differences ar. small and insignificant, thuy are consistent wit,,

data reportcd ,,iow comparing nap and no-nap days over the slet p dary

period.

Taible I ( suImarizes ..oin of the within-group differences that

were found between nrc- and post-laboratory naps concerning the quality

of sLcep ad associated daytime activities. Appetitive nappers typical-

ly reported oLtaining considerable subjective benefits from the nap,

indicatcvi that they slept even better than usual (p < .0!), were less

tired (L " .(15), had less difficulty concentrating (p < .05), ana were

1( _.- (pK .01) sleepy "now" than usual (only about half of these 13 days

iiivolved napping). Replacement nappers also reported sleeping even

better than usual ( < .02) and having little difficulty concentrating because

of fatigie (p < . 01). Thus, the nap had positive effects for both groups.

In ;strikinq contrast, non-nappers slept significantly less well than usual

(p - .(15), more; frequently took medication "during the preceding 12

hutil.;' (p.< .01--while these were not usually sleeping medications,

tho~r(: was a significant incidence of aspirin-type preparations), tended to

avi I t i ir uu.nl levels of physical activity (p < .002) and reported that,

mole thr is ti ia, they were too fatigued to concentrate (p< .10). Thus,

the detuterious effects of the laboratory nap on sleep onset and length of

slep n I hi. niqht after the nap may have been associated with some

uhy: ical and mental impairment. This is, of course, why these non-

nappe-r; pr,o,'r not to nalp in general.



TABLE 10

The Effects of Napping in the Laboratory on the Subsequent

Night's Sleep Activity for Non-Nappers (N = 12) and

Atppetitlve (N = 10) and Replacement (N = 8) Nappers

Night Night 13-Day Diffcrcncus ani
Sleep-Diary Variahi( Pre-Lab Post-Lab Mean _ (two-tailed)

Nap Nap

Appetitive Nappers

Sleep well last night 1.00 1.00 .91 (Pre, Post) " bast
p<.01, < .01

Fighting off shep y.,sterday .70 .30 .32 Pre> (Post, Base)
p<.0S, < .05

Too tired to conccntraLu
yesterday .40 .10 .26 Pre>Post; p< .65

Take any naps yesterday .60 .80 .54 Post>Base; p < .I0

Could you sleep now 1.00 .60 .72 Pre> (Post,Base);
P < .05, p<. 0 0 1

p) lacement Nappers

I h p lIst night .88 1.00 .91 Post;'Base; £<.62

-'I k1SU, 'A)n sl1 3Cd activity .00 .13 .2u Base,-Pre; p<. 0 1

Px, I trc,, t(, concentrate (Base, Pre)>Post;
.50 .00 .24

(:; od you el'ep now 1.00 .63 66 Pre ,(Post,Base),
1<.10, p<.UI

Sl'p well last night .92 .64 .85 Pre Post; p<.t5

ilurs sl,p last ni ht 7.01 6.14 7.20 Base>Post; p<

M,Idication las t 12 hours . 00 . 17 .08 (Post, Base) Pi,
p<.20, p<.01

Unu.nil physical activity (Pre,Base)"Post;
v~, sterddy .00 .14] . 5 .

To, tir,,d to concentrate .33 .42 .19 P5st>B ' ;

yesterday " . 0



Table 11 summarizes in more detail responses to the four ques-

tions which turned out to be the most significant in discriminating

,imonq the groups in terms of the effects of the laboratory nap. Non-

nappers reported sleeping significantly less well as a consequence o

napping in the laboratory than they had either on the preceding night or

over the 13-day diary baseline /t - 2.02; p < .05). There are no signif-

icant differences between pre- and post-nap responses for either of the

napping groups. In fact, all of the nappers reported sleeping very well

on the right after the nap, and this is typical of their sleep reports

regardless of whether they napped or not during the preceding day.

The non-nappers sleep more poorly after the laboratory nap than

they do on ordinary days when they do not nap, and they also sleep

significantly more poorly after the nap than either the appetitive .)r re-

placement nappers (t= 2.71; p < .02 for both appetitive and replace-

rient nappers). Non-nappers also had more difficulty falling asleep the

night after the nap than they either had on the night before the nap

(t., 1.80; p < .10), or during the 13-day diaries. Non-nappers also

tended to awaken during the night more frequently than nap4"ers follow-

irg the laboratory nap ( 2.26; p< .05).

Although non-nappers generally took longer to fall asleep over

the 13 days than nappers CL - 1.79; p < .10), this difficulty is accentu-

ated following the laboratory nap, particularly in comparison to the appe-

titive nappers (t. 1.94; p < .10). Thus, the non-nappers have considtr-

ably more difficulty in falling asleep, and as a group are much more



TABLE 11

F.it Elfects oi Liboratory Napping on the Subsequent

Night's S!uep Compdred to Typical Niihts

QI d you o ,L iast n, ht? (Yes, scored 1; No, scored 0)

Gror - Noa -Nappers Appetitive Replacement

P.- Nip 92 1.00 .113

Post-Ndj- .64 1.00 1.00

3_'PDy_Base .85 .91 .91

... : .' lo__ng c ittake you to fall asleep last night? (Answer = minutes)lon iZii'aey
Group__ Non-Nappers Appetitive Replacement

Pre-Nap 25.6 13.20 28.10

Post-Nap 39.8 13.00 25.0

3-Day Base 26.7 16.9 19.1

"In"' al, ,"I' r ?y1sc.t ')p last night? (Hours: minutes)

Non -Nappers Appetitive Replacement

I Nap 7:01 6:42 7-04

__ ___,_;_t_-N___ 6:08 6:32 7:05

- a 7:12 7:04 7:21

,It cm? t me yesterday, were you ever so tired that you had difficuty

aon(-,ltp, ttn on a task which you were trying to uccorplish?

Group Non-Nappers Appetitive Replacement

Pre-Nap .33 .40 .50

Plost-Nap .42 .10 .00

I3-Day Base .19 .26 .24



variable in their ability to fall asleep at night compared to nappers

S.i 3.31; p < .05)--they become oven more variable on the night after

thir nap compared to other nights (F - 6.83; p < .01). It is also inter-

sting to note that the replacement nappers took longer to fall asleep

,cth; before and after the nap compared to their 13-day average. While

this tdcricy is not significant, their time to fall asleep is more vari-

able for both of these nights compared to their typical performance

F = 3.33; L< .05 pre-nap: F- 14.44; p < .001 post-nap). This in-

creased difficulty in falling asleep the night before the laboratory nap,

tgether with thw poorer than usual night's sleep may well have been a

preparatory rsponse in view of the demand that was made on them to

sleep when they came to the lab.

Not only did the non-nappers tend to sleep poorly and take longer

to fall asleep as a consequence of the nap, but they also slept for a

shorter tim. on the night after the nap compared to the night before the

nap, or tltLr rtyical 13-day mean L- 1.42; p < .20). While the reduction

in sleep time is 53 minutes, it is only of borderline significance. How-

evraain as, (a group they became significantly more variable following

the nap (F - 5.0,i; L) < .01), and much more variable than all other nappers

(p . U01 ii ,ach instance). In marked contrast, the length of sleep of

both thi- appetitive and replacement nappers did not differ either before or

after th(. laboratory night compared to their 13-day average.

Not only did the laboratory nap have serious consequences for

the non-napper on the following night, but the laboratory nap seemed



to lia.w positive consequences for nappers. For example, in response

to the quSo)r)n, 'At ony time yesterday were you ever so tired that you

had difficult,, in concentrating on a task which you were trying to ac-

complish;-', both the appetitive and replacement nappers had signifi-

cantly less concentration difficulty on the day following the nap com-

pareI to thc day preceding it = 2. 08; p< . 10 and t - 2.83; p < .02,

respectivcly. In contrast, there was a tendency for the non-napper to

have more difficulty concentrating on the laboratory nap day than on all

other oc:casions (t = 1.81; p <  .10).

Uther isolated differences between the groups were consistent

with these findings. For example, the nappers came to the laboratory

prepared to nap. In response to the question "Could you fall asleep

now? ', all of the nappers responded "Yes," compared to only half of the

non-nappers L(= 3.39; p < .002). Thus, it seems the nappers have a

great ioal more confidence in their ability to take a nap on command

in tae n~on- ',apleors.

[n general, it can be concluded that napping has a deleterious

tf,,;ct ull 'L ieast sonie of the habitual non-nappers, interfering with their

, / to fall ash p,), the length of time they sleep, and the feeling of

riwVin. slCI;t well on the following night. On the other hand, nappers

::,,'riid to achieve some benefit from napping in terms of their own esti-

niated ability to function appropriately in relationship to the nap.

The differenc,'i between appetitive and replacement nappers were

relatively miiur in terms of the consequences of the laboratory nap



compared to other occasions. However, it would be difficult for such

diffelcnces; to show up in this kind of analysis. Nappers tended tu nap on

cue day out of every two while they completed the diaries. Thu coiise-

qoences of napping during the laboratory time would presumably be no

different from their napping on other occasions; therefore, it would be

predicted that the 13-day average response would be like the typical

response to any one clay on which a napper napped, and just as typical

13
Of the days in which he did not nap.

The Parameters of Napping---1-Day Sleep Diary

The basic parametric information about frequency and length of

napping, as well as information concerning the total amount of sleep per

nap, per night, and per 24 hours are presented in Table 12 for each of the

-ubgroups. These data have been adjusted to eliminate the effects of tht

,.iloratory nap; thus, the tcta! sleep time data is presented for 13 days to

ltie eft Cts of the ught before and after the laborato ry nap, as

well s,,; the !aboratory nap itself.

N-lEEuency. The appetitive nappers answered the question 'id

you take a nap yesterday?' significantly more often than the replacement

nappers. Appetitive nappers took naps on an average of 52 percent of tho

13 days compared to replacement nappers who napped on 40 percei't of the

• lays .= 56, L)< .20). The two napping groups differed in th, fre-

quency of rnaps from non-nappers who napped only on 5 percent of the
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TABLE 1

i'ar(:2itriC Data (13-Day Diary) for Napping and Nighttime Sleep

NVn- Nappers
.ai hi ;j,. Nappers Appetitive Rplacert, .t

N=12 N=I I N=9

Nap_ Para meters

Frequcncy (1- -day) .67 6.73 5.11 1 .39a

Lengt'! (minut<>s 68.00 62.4 74.4 .30

Timre iegan (p.m.) 4:35 4:09 3:57

Perccit of 24 hour sleep .69 7.27 5.69

X ight Salp fJtrs:M is .)

F, .sle p: questionnaire 7:14 7:49 7:38 2.25

[{our: ;ecep: 13 night avg. 7:21 7:20 7:32 .99

ifvirs sleep: '-! hour ag. 7:25 7:54 8:00 2.63

I aIuur, :iJeep: 24 hour variab. :41 :57 :31 3.38

1- Dv Totals ir b'i ._

Nigjht Slenu, 95:3 6 95:24 1 98:02 .99

Nap Sltrep :40 7:30 5:55 10.40

total Sleep 96:16 102:54 103:57 2. )2

k ".05

l~. (,x lu(l(,3 on-uappwi group.
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P a . .<on A n. nips an replacernlIlt lid plpr al ofn Aa np
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den '; 1 - on011avi rn , u to-tal of 7 naps uccurru.d lv-r thu, 1 3 day-'

a'O Ct nIa'pe. i tinr,2L tin us ,although this xwta Incons i stunt '.v: i" t I.

ci i L( ria f,-r mnun-nxpap~ers over tonger time periud , -1 other :zUbhi Ct z to>_ i

INavjTime and Length. During the 13 dlays the two napper groups

ewqan their nap at abOut the samle time. Appetitivc nappers typically

napped -it 4:09 p.m.i;- replacemenrt flappers at 3: 5i p. in. The Standard

J' vli loll Ot the P vinc thu nani comn-,enccd was alrnu, st xactl voe '

.r L~k Jpp' t.,L!Vk adC r nl laC en subgoups %V i cfo LL

naJps takCIn i y the 1 1 a -PpetitiVe' and the 55 napS tak( ), L,) tk d 1( pLace -

On.014r crre nutween) 2 p.111. ald.. p'n. (5,') percolnt ainS 5i

p <~e U r ;-envly) . ( )WV 3 of the 13,0 naips r!)du y I th qJru-eTU

or vnppernL occurred after b p *m . Tedistributio)ns of naps; for u.rn Ing

(na*.t u.an) early afternoon (2 p.vi;. to ti.l.)ad early e-

I ng (') p.min. to 8, P.M.) did nut differ between theC q1OLIps . For app ctitivt

and r-plceen pper:;, the length of the nap tended to gct Lhortor i.,-

th( J'Iv 1\1resed 1)as before 2 p.m. la-sted an t~wie vcra-i( I -'and (I



minutes; from 2 p.m. to 5 p.m., 56 and 75 minutes; and only 50 and

32 minutes respectively between 5 p.m. and 8 p.m.

Nappig and Total Dia Sleep Time. In the napping question-

naire, it was reortd that the three girups did not differ markedly in

the arreunt of sl(ee they re-gularly obtained at night. On the slep

diry subjects were asked to indicate tne time they went to sleep and

the time tney woke up.. as well as the length of sleep each night during

W (-2N k period. It is clear from Table 12 that the mean actual report-

,-i';,: ,ut tf sleep and the more general estimate of sleep length in the

qu ,-: ,nnalri agree surprisingly closely, varying by 7 minutes or less

for replacement nappers and non-nappers. However, the appetitive

hoappers obtained 29 minutes less sleep each night than they actually

reported rgularly receiving, but this difference was not significant

(t_ = 1. 02).

This basic information does not really tell us whether the total

amount of sleep these subjects obtained in any one day is different

because it ignores the time they spent napping. When mean daily nap

hlngth is added to mean nightly sleep length, a slightly different pictur,

emerges. While non-nappers obtain about 7 hours and 25 minutes of

sleep per night, the appetitive and replacement nappers obtain about 8

hours LF_= 2.02; df = 2, 29; p< . 10). The appetitive napper is much

morc ',ariable than any of the other subjects in his total sleep time

(F = 3. 81; p. < .05).



Fhese same data are presented in a different way in the bottom

part ,1 Fable 12, wrler(, the total number of hours of sleep actually ob-

to:n,-,] durinq tn< 13-day period, with and without naps , is tabulated.

In fact, of the total sleep obtained over 13 days, the appetitive

nopp rs obtain 7l.3 percent of this by napping compared to 5.7 percent

Ior the retlacemert nappers, while the non-nappers get less than . C

eerct.rt of their sleep through napping.

To our knowledge, this is the first study that has looked at the

uxt _:nt of nopping in terms of one's total sleep time per day or over a

periodf of time. While the proportion of time spent napping even for thest

trcquent nappers is low relative to the amount of sleep obtained at night,

it is particularly striking that it remains a sleep segment that is important

,Wt of proportion to the time spent, both in terms of subjective satisfac-

tion and, as we have, -!iown elsewhere, in terms of its recuperative

The Conditions for and C nsequences of Napping

On ,f thec. pririary reas!ns for conductinq the sleep diary survey

wa:,; to investigat, th effects of napping on sleep satisfaction and sleep

parameters. One tactic would, of course, involve having subjects sleep

Svernight in a sleep laboratory on days on which he did or did not nap.

This is an appropriate but expensive procedure, and would not necessarily

answer many of the questions involving sleep satisfaction variables which

we feel are cntral to an understanding of napping behavior and sleep



e.fficiency. Consequently, the home sleep diary was selected as an

,rmoortant source of preliminary information.

Two questions have concerned us so far. Cirst, what are the

conditions that occur during a 24-hour period, particularly in terms of

nighttime sleep parameters, that are associated with a decision to nap

or not to nap? Second, what are the consequences of napping, com-

pard to not napping, on the subsequent 24-hour activity, particularly the

,iight's sleep after a nap, and also in terms of the reasons for napping

0. bilc we would predict that the parameters of sleep on the nights pre-

coing and subsequent to the nap have little effect on the occurrence of

napping in the appetitive group, we would predict that the duration and

quality of a night's sleep is crucial to the likelihood of napping for the

rcplacement napper.

These analyses are complex, and are incomplete. Three

tratcqics of approach to the question have been initiated, and can be

2

Frequency of Napping. Multiple contingency \< analyses have

been conducted on the frequency of napping and non-napping in relation-

ship to the different subgroups and some parameters of sleep on preced-

ing and subsequent night sleep. This is illustrated in Table 13. This

table analyzes the frequency of napping as a conjoint function of three

variables: (a) appetitive versus replacement napper types, (b) whether

or not a nap was actually taken on a particular target day, and
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TABLE 13

Relationship Betwev ! L,ngth of Sleep on the Preceding Night and the Likelihood of
Napping on Subsequent Day in Appetitive and Replacenment Nappers (N - 13 Night-
Nap Day Combiriat:(>is, Snmnmed OverSubjects for the Four Contingency Possibilities:

Night S,_.p DlcuntoIj.ized at SLubject's Own Mean over 13 Diary Days).

Last night's sleep time
compared to 13-day average

2
Shorter Longer Nj P2 <

10 A i, ive N J per:

Luok :., p35 40 75
.25 .0

N Nap taken 31 28 59

9 Rl , ~acement Nap.pers:

Took Nap 29 17 46
4.07 <.025

No Nap Taken 28 41 69

2
Sxuce df P <

TotWl 12.11 4 .01

App-Rep vs Short-long .01 1 ns

App-Rcp vs Nap-No Nap 5.69 1 . U1

Shurt-Long vs Nap-No Nap .89 1 ns

Intcraction (3-way) 5.52 1 .01

L.



(c) whether or rot the previous night's length of sleep was shorter than

or Longer thdn ,,ch subject's own 13-dai average. The data taLulitwu

is the frequency of napping, or not napping, as a function of the twu

'jrlups, and either long or short previous night's s1 cp.

2
,'t tHLiple contingency \ was calculated on this data and is

2
-uni-arizcd in the table. The total x of 12.11 is significant (P < .01).

F, :wevor, th,. data cin be meaningfully interpreted only in terms of the

interactLons within the partialled-out main effects summarized in the

tal,:. 'Piw.r, i, no cifference, in the frequency of short and long slhop

length OF, the previous night between appetitive and replacement napperf;

(I rimarily because of the way the data was dichotomized). rhert- is alsc-

no overall diff(rence between the occurrence of napping or non-naping d:

a function of a short or long sleep on tne previous night, but this r,.;u

2
obscures the important significant interaction (x = 5. 52" ji 1 ul) w:!c:

,;ugqests that the e!Iffect of urevious sleep length on the .:i - •

occurrence f napping differs for the kind of tapper. Even tn uq:

appetitive napper takes more naps in 13 days than the replacrv, , : ;I

(\2 = 5.69; p < .01), whether or not he naps bears no rel atiu s!ij t

length of his sleep the previous night (x2= 0.25; p< ., (i). {,w .

the replacement napper there is a strong tendency for him not to nap, ii

he had a longer than average night's sleep the previous night (\ : 4. '

< .025). In fact, if he had a long night's sleep the previous night, hit

i; only .bout one-third as likely to nap the following day than if he had

,i short night's : Pep. Similarly, there is a tendency for him to be more



ikely to take a nap if he had a short night's sleep the previous night.

While this particular finding is important in its own right, and

is consistent with our definition of appetitive and replacement napping,

this also illustrates a powerful methodology for analyzing the relation-

ship between the likelihood of napping and various objective and sub-

jective parameters of the previous night's sleep and following night's

sleep in relationship to the nap, and the differences that occur between

the groups being studied. There are limitations to this approach, how-

ever: napping frequency is summed over all days for all subjects, and

it is possible that for some comparisons one subject with an extremely

high incidence of napping or aberrant sleep patterns could unduly in-

fluence the results.

Napping and the Preceding and Subsequent Night's Sleep. The

2-week sleep diaries were divided for each subject into days on which

d nap was taken and days on which no nap was taken. Several diary

variables concerning quality and parameters of sleep were analyzed in

terms of those days on which naps were and were not taken. Nap day and

no-nap day values were averaged across each subject, and the resulting

means for each subject were then averaged over all subjects in both nap-

ping groups. This method of analysis averages across subjects within

the groups, and therefore cannot be unduly influenced by typical subjects

or more frequent nappers. So far, this approach has clarified our dis-

tinction between the different types of nappers.



Appetitive nappers took longer to fall asleep the night foilowing

the daytime nap (t= 1.77; p < .10). They slept 41 minutes less cn

nights they took a nap compared to nights when they did not nap ( < .20).

However, they slept more soundly following a nap and awakened during

the night significantly less often (L - 2.18; p < . 05). In contrast,

there were no differences between the night before they took the nap and

the corresponding nights preceding non-nap days on any of these va.,-

ables. Thus, as predicted, a particular night's sleep activity for appetitiv,

nappers is not related to whether or not the subject naps the next day.

A different picture emerges for the replacement napper. Wiil,

the appetitive napper takes an extra 6 1/2 minutes to fall asleep after

a nap, the replacement napper instead goes to bed an hour later

(t_ - 1.54; p < .20) but does not subjectively report having any specific

difficulty in falling asleep after a nap. On the day when he takes a nap,

the replacment napper gets up in the morning about 46 minutes earlier

than on days when he does not nap. He also slept 4' minutes less on

the night before he naps than on nights when he does not take, 3 nap

(t = 2.1 0; p_ < .05). In addition, he sleeps less wt'll during thk :.:t

if he ha; not taken a nap the previous day ( = 2 .23; p < .05). Phus, the

sleep diary confirms our original hypothesis that the replacement napper,

unlike the appetitive napper, naps in order to make up for lost sleep

time. It appears that he may well lose this sleep in the morning rather

than by going to bed late the previous night. However, this in turn may

he partry a roaction to his having slept less well.



Thus, these iesults indicate that appetitive napping is unrelated

to the sleep characteristics of the surrounding night, replacement nap-

ping occurs in response to an abbreviated previous night's sleep, though

the shorter sleep length may be a function of earlier morning arousal.

Nap Characteristics and Sleep Onset and Duration

A third approach to the examination of the determinants and con-

sequences of napping is to examine the surrounding 24-hours' activities,

particularly pre- and post-nap sleep parameters, as a direct function of

nap characteristics, either in terms of satisfaction or parametric features.

As an example of this approach we examined sleep onset and sleep

length, both for the night before and the night after the nap, as a func-

tion of the lengt of the nap itself. Is a short nap different in function

to u !ong nap? One possibility is that a short nap may have more of the

characteristics of a nap which is either involuntary and accidental, or

dit wast of a feeling that sleep is so imminent and overwhelming that it

cannot be avoided or delayed.

This question was investigated by dichotomizing nap length at

thu subject's own mean nap length, and examining sleep onset and

luration of both preceding and subsequent night's sleep. The results

,ire reported in Table 14. Parenthetically, it was noted that the mean

time during the day that replacement subjects took either a short or a

!ong nap did not vary more than 2 minutes, but appetitive nappers com-

urnced their short naps 37 minutes earlier in the day than their longer naps.
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TABLE 14

Sleep Onset and Length on Night Before

or After Either a Long or a Short Nap

Night Preceding Night Following
Group N

Short Long Short Long
Nap Nap Nap Nap

'rime to sleep (mins)

Appotitive 11 20.7 17.3 21.0 17.2

Replacement 8 19.3 19.2 18.0 13.9

Sleep length (hrs.: rains)

Appetitive, 11 6:55 8:00 6:49 7:08

.pa flt 8:01 7:17 8:03 7:20

k <

*i< l



A Lhe long naps started on the average about 10 minutes earlier than

all of the naps of the replacement napper, it is possible that the

dppetitive subject has two qualitatively different kinds of nap: a short

one which is primarily for pleasure or psychodynamic reasons and a

longer one that is combined with sleep replacement functions. The

appetitive ndpper was picked primarily for his psychological need of

napping, but this did not preclude some occasional replacement napping,

(although there were not any strong appetitive overtones allowed in the

replacement napper criterion).

While this hypothesis has merit, if anything the data for appe-

titive nappers suggests the short nap has more of the qualities of the

replacement nap. On the day preceding the nap, replacement nappers

who had taken a long nap had significantly less sleep the night before

(compared to their short naps, p < .01). However, for the appetitive

ridpp( r it is the short nap that is preceded by a shorter than usual sleep

the prcvious night (p < .05). Although the appetitive napper is not

differentially affected by a long or short nap on the following night (even

though, as we indicated above, he does sleep a little less after he naps)

the replacement napper reduces his post-nap sleep time by virtue of hav-

ing taken a long rather than a short nap (P < .05). Interestingly, the

appetitive napper gets more sleep both before and after a long nap than he2

does before or after a short nap, again indicating that sleeping habits are

largely independent of his napping: perhaps his longer naps arc Mort

dependent on such variables as whether he can spare the time.

-i M a ,1'1ii - _
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S. COLLABORATIVE STUDY: RECOVERY FROM FATIGUE DURING

PROLONGED CONTINUOUS PERFORMANCE

Our central interest has been the recuperative effects of sleep

on human performance and the restorative value of short sleep periods

as a means of recovering from fatigue. Our previous studies have been

concerned with the development of appropriate tasks to measure recovery

functions after relatively short periods of sleep loss. While these prior

results have been encouraging, they have been limited because of the

relatively short time in which subjects have been studied in the special

context of the experimental laboratory. Our conclusions about these

measures must, of necessity, be limited because it is clear that such

factors as circadian rhythms and motivation are potent factors that modify

human performance. Such factors could easily serve to obscure important

effects during short-term performance following moderate levels of sleep

deprivation.

We were, therefore, particularly fortunate to be able to include

out previously developed tasks in an ongoing study on performance during

o-oitinuously monitored long-term work-rest activity periods at the

Performance Research Laboratory founded by Dr. Earl Alluisi and cur-

rently directed by Dr. Morgan and Dr. Baker. Before describing this

collaborative study, the results of which are still being analyzed, some

appropriate ba;kground is necessary.



Performance Consequences of Fatigue

A number of previous studies have documented the deleterious

effects of sleep deprivation on performance (e.g., Naitoh, 1969). Th.;

focus of such studies has been on the progressive deterioration of

functioning as the individual is required to remain awake for Icnger and

1) iiger periods. We have sought to approach the question of how short

periods of sleep may reduce fatigue by investigating the recovery funi lon

in relation to performance. Such an approach obviates the need for con-

tinuous monitoring during sleep deprivation, permitting us to place more

emphasis on the physiological nature of the sleep period in relation to

its possible beneficial effects on performance. Our strategy so far has

been to bring subjects to the laboratory while fatigued, to see how their

performance benefits from short periods of sleep.

Much of our concern has focused on the development of appropriate

performance measui.-r. Most investigators have concluded that individuals

who have been sleep-deprived even for considerable periods are able to

marshal their resources sufficiently to perform for short periods of time at

a level Jose to their normal andeprived performance. The most successful

att(empts to docunient the eftiocts of sleep deprivation have invev( d ether

v,r\ lono periods with no sleep (Williams, Lubin,& Goodnow, 1959), or

k ngthn perfonnance tasks such as those typically encountered in d work

situation (Alluisi, 1969), or by the use of a continuous vigilantce situation

(Wilkinson, 1968). Despite the fact that even moderate sleep deprivation

hids 'ler irnt undmbiguous subjective consequences for the individ'ili,



decrements induced by moderate deprivation on short-term performance

have been ditficult to document.

An encouraging exception was the study by Williams, Lubin,

and Goodnow (1959), who were able to demonstrate that subjects de-

prived if sleep for only 26 hours show a performance decrement when

faced with a task requiring the short-term maintenance of attention and

motivation. This held if the task was sufficiently demanding in terms of

cognitive ability. Performance on such a task does not break down com-

pletely but tends to become sporadic, with the most powerful dependent

variable being the omission of items. In view of such studies we felt it

might be possible to document performance effects in the laboratory which

parallel the subjective effect of sleep deprivation even when the amount

of sleep loss is relatively small. The appropriate task would require:

(a) a strong ccgnitive load (Williams et al., 1959); (b) experimenter

pacing (Naitoh, 1969); (c) little feedback to the subject concerning the

adequacy of his own performance, thereby making it difficult for him to

accurately allocate his resources when fatigued. Two such tasks have

b.,en -evetoped which have produced encouraging initial results.

Descending Subtraction Task. We have reported that when

moderately sleep-deprived subjects were required to perform the

Descending Subtraction Task performance improved following brief

naps. The descending subtraction test requires the subject to keep

in nimtd and manipulate several items of information simultaneously,



and me ,,s the tirst of the criteria listed above by providing a strong

0 j !i e' l o a d .

In this task, the subject is given a 3 digit number, e.g. 313, and

is asked o serially subtract 9, then 8, then 7, etc. , from the previcus

progressivu total, saying each successive total aloud. After subtracting

2, ht_ bmiins a noew cycle by continuing to subtract 9, etc. In order to

accomplish the task successfully, the subject must keep in mind the par-

ticular number he has just said, as well as the number he needs to subtract,

both numbers being altered with each successive subtraction, as fast as

possible. Three major error categories are losing track of the origin-,al

number, errors in subtraction, or errors in the choice of number to sub-

tract. Thus, the task allows the assessment of both speed and accuracy.

Typically, subjects who are alert and rested yield reasonably

stable and reliable performances on the task and have relatively little

dc. fiiculty carrying it out when they are fully focusing their attention on

it--a situation that does not obtain with fatigue or immediately on arousal

from sound sleep. The task has proven useful as a measure of performance

prior to sleep, during sleep and after sleep. We have found that subjects

who arc, tired, or who are awakened from sound sleep, encounter con-

siderable difficulty with this task. We have demonstrated significant

pteiformanco decrements immediately after being awakened from sleep,

whenm compared to baseline performance before sleep, and subsequent

ijerfrrmance increments when assessed 15 minates after being fully

Awake. A highly promising aspect of our data is the finding that



ih,,r -. , sleep, or napping , results n significat: perfurnz:e r-

t oi,, j. the subjectL i ; fully,, awake.

Randomization. Tihe Ragidor Number Generation task has L)aen

derived :trm ,ur work or the measurement of the monitoring arid deplo,,-

meat c,_ = uman attei:tio::. The subject is asked to produce numbers

between I anci 10 at random in time with a netron:ome. rhe tasr, is not

a usual or even an especially easy one for subjects to perform. It is

the actithesis of wiiat we are taught to do as we develop--to become

orgariizud and predictable in our behavior, and especially in our patteri

of thought. Success at the task would seem to require just the reverse--

th- contrulld non-patterning of thought. Though this task sounds simple ,

it demands that the subject keep in mind the numbers he has generated

be past--in order to avoid using any given number more than another,

or repeating a number too frequently. Research reviewed by Wagenaar

(972,' has shown that the random number task has the potential of re-

fl-:cting alterations in consciousness, but the current available methods

i analv,'g randomness in humans were insensitive, and required subjects

L produce a large numbei of digits for analysis. Our laboratory has de-

veloped a technique for determining randomness adapted from Tulving's

(i962) work on the organizational strategies of free recall, and developed

.:omputer program for scoring the randomness of the subject's output

with as few as 100 digits in order to make this a practical procedure.

Aio h.'i important aspect of this task is that it is well nigh impossible



foi thor thn. z ,eJ ct or thu experimenter to detect the relative c:haigq-:

in ra lu in., . jc cc lr. Thus, within a broad range of perfo rn';

there is n ' ijak t, the ub'Ject concerning how welt he -o.ng.

Finally, it I possibl<: tV' pace this procedure externally iy lfnsisZ.nj that

subjects orudice a numo r each second in time with a metronom-.

Piiot sludies hiad indicated that the random.zation tasK was :eie-

tively inse, . itire when subject-paced; it varied with -Keep deprivation

when exprii.cnter-paced. We wished to add an additional cognitive

load tu thi.. perforh aice <m the random number task. After experimenting

wlti a variety of procedures, we selected a two-hand coordination task

whichi subjects can learn to perform with no errors even when fatigued.

Subjects were trained to the asymptote criterion of repeated errorless

perIornmatica and were then required to generate random numbers while

s.iiultaneously maintaining perfect performance on the two-hand coordi-

,itor. Uhe background task of maintaining such performance on the motor

t sk requires continuous monitoring by the subject, and apparently serves

to make, the random number task a far more sensitive measure of cognitive

:apability. We hypothesized that when an individual is fatigued, more

')f his ',sources would be involved in maintaining perfect performance on

the muoor skill, and thus less would be available for the generation of

ranldom numbers. This hypothesis derived support when subjects were

.;ked to gnerate random numibers while learning to perform the two-hand

,:oinTlIIIaLiOI td ,k (Grahan & Evans, 1973). Randomness was depressed,

'umpai,.d to baselhne, when subjects first began to learn the two-hand



co,-rc: !"'r t Hwever, as learning proceeded , the motor perfor-

mance Imp.. 1 1d randomness increaseu. When the coordination

task hac 1, I-uain,d o,- well that it could be perfurmed autunuti:all'.

_itd with e i uir, random number generation returned tu baseline.

Tii~s , e rdndewio ll ll task appears to measure the amount of att.nticL

invol', .- in Lh lea!ening of a joint task.

]i ults reported by Williams and Lubin (1967) and of Graham

a'd Evans (1ti73) in conjunction with a series of pilot studies reported

i,.t veur sujg-;Lud that the combination of the two-hand coordinator

,nc ranuom oumber generation might well provide the kind of intellectuai

challenge whicli exceeds the capabilities of the fatigued individual in the

sense that he performs less than optimally even when motivated to main-

Lain Lerformarice. Thus, the ability to maintain randomness while simul-

taiieeuily maintaining asymptote on a performance task, and the descending

siihtiaeiion task were deemed sufficiently promising that they were included

arpi.,mpriate tasks in the collaborative study involving continuous per-

, 'rnau., during prolonged fatigue.

SI nd Perfonnance Research

rhe programmatic research being conducted by Alluisi, Morgan

i d their colle-agues is concerned with the conditions under which con-

1, iouj work loads can be maintained efficiently over long time periods,

,t!mU'; with minimal rest. This research has been based on the



synthetic work methodology, which has been described by Morgan and

Alluisi (pp. 843-844, 1972).

The contribution of the synthetic-work methodology
to the assessment of human performance is unique in
that the tasks of the battery are combined--with use
of the 2-hr. time-sharing task schedule--into a syn-
thetic-work or job situation that is typically S's
responsibility over periods of work-day duration (e.g.,
8 hr.) on each of 12 to 15 successive days. The per-
fonnances typically measured with this battery are
within the domain of work behavior; they differ in pre-
dictable ways from the test-behavior performances more
frequently studied (cf. Alluisi, 1969, pp. 59-60). That
is to say, Ss approach a job with motivational, attitudinal,
and energy states that are characteristically different frorr.
their approach to specific, relatively simple, short-term
test situations. With a suitable job such as that provided
with the present battery in the synthetic-work situation,
work behavior may be studied in the laboratory with many

(if not all) of the usual controls. This provides a more
valid basis for the generalization of results to man's work
behavior ....

They summarized the results of their first decade of research on sus-

tained performance, work-rest scheduling and circadian rhythms as follows

(Morgan and Alluisi, 1972). (a) Man can probably follow a 4-hour work,

4-hour rest schedule for very long periods without detriment to his perfor-

mance. (b) For shorter periods of 2 or possibly 4 weeks, a more demanding

4-2 hour work-rest schedule can be followed with reasonable maintenance

ol performance efficiency. (c) Man uses up his performance reserves in

following the more demanding schedule, and so is less able to meet the

demands of emergency conditions such as th,)- imposed by sleep loss.

(d) The circadian rhythm that is evidenced in physiological measures may

ILso be evidenced in performance measures: the cycling may be demonstrated



,n the performances of overloaded operators depending on sevcial spe-

(ufic factors. (e) The tasks in the battery and the ii.ethodology employed

the synthetic-work approach yield measures that are sensitive to the

manipulation of both obvious and subtle experimental variables.

The study being conducted was the sixth in a series of studies

iealing with the effects of continuous work and sleep loss on performan.:e.

It is ieferred to as SPADE 6 by Dr. Morgan's lab-ratry. Its aims were to

examine the ability of subjects to maintain performance during 36 hours of

continuous work, th extent to which four houi ,t siceu is adequate for

restorin'j perifon anc e to its baseline level, iii i '.1 .. itei1action of sleep

loss and conti iiLious work with the underi b,;e i i, ;, ivth ttm. This par-

tOcular study completed a pdramutrio_ IILV;SItiiL, I.. [ IC Int'1 ictiloci Ot

diurndl-cycling and conttnuJus work, ,and dai!_ vs to bu a> mlablu fCox

six crews of subjects, each ot which began w( rKi,!q I 3t,-iiour p,2i od

after continuously WUIkinc; for 4-hour intervals il'rouhout th,- z- hour

Procedure 14

Subjects. Paid student volunteers were soliuit d and titun

assigned to either one of two possible five-man crews for the duration

of the study (the ABLE crew and the BAKER crew). Assignment was on the

basis of academic scheduling commitments. Each crew received an

oiientdtion to the study in an initial briefing session. At this time they

were also introduced to the particular tasks they would be required t,



perform d. :iin(; Lte course of the experiment. The sufl e2t .ver.- ic

imultiQuus ~v oi five, individual but adjacent uubici1 -, currfcrtL,;I

eatudi eoi ,thoir individual tcst panels. Th -y culd hoa.1r o~i th-

but had no vi';ual contact.

NMultiple-Task-Porformance Battery. The six separate tasks

%vhic-h comnprise the Multiple-Task-Performance Battery (MTPB) ar!, pre-

sonted by iieans of a small, compact panel placed on the tables in front

ol ind;jilual ;;bot.Tho tasks attempt to provide measures _-1 general

rermiormanco Iunctions applicable to a wide variety of specific %V-tk situ;-

ations. The ,riOLIS measures each reflect some of several rcei,_v'At

d 1inen s ions: attuiihwo and vigilance functions, memory and tur,_<:aptioi--

transmission A4 informatio~n, sensory-perceptual and sensorv-mu_,cr

pterfurmancc, and interpersonal coordination, cooperation and _,vganjizatior..

More poi i a lioh individual is requir-ed to perform sly.

wItvilies: (;' Moirn _r and correct the status of s ,veral stimulus liyhts

on the :extrem~o le ft iof the panel; (2) Monitor and correct the rate-l-

'c-hanye of _,irnuli at the extreme right of the paniel; (3) Detect and corr',,

bjias-de'viat lull s inl the corit infcus movement of pk.inters located .1i fc ojr

semicircular scales placed in the upper central portion of the pair A:

(4) Perform arithmetic, computationis by subtracting the third of A rr~t

of three-digit numbers fron, the sum of the first two sets, presonte!d

visually in the bottom central portion of the panel, indicating the answer

manually; (5) Work on a target identification task presented visually in



.2!, :tnt,:r of :h,, Pan 'I; (,) Worlk n coordiiiatio ,with oDth,,r

AUtaiiirg the soluition ir a ranldornly presented (-k,, -hi

sl1- locatzed in thu,- contra 1 right portia of the Lpin,:1

The ,ubje2ct isi resc unsi ble for the thr-'e M0111tor1 ,i' : tf

L:Th, tousLad iS, bUt performs the other taisks only part >

w~ rk-dsnudschu diij Ic may be ,,~ lt 220it.I i-1-. . 0

'' hs ubj C( L is rtesPcn si blet for thr2 ". -21 r I: t K'.

5lfi~ld~J( s I'.Thus , in a typical two-hour p.:d c, tl,

11!uj dJl.1 [,)I 3t; TininuteS oil'O i Q leve dct1vi: , o rra n n-f i

utca'\v ano- 3u m-inutes of high ac-Liv,: a 'd 1 'Ut .>

Collaborative Sleep Studv Procedures

I I Lu( )[I aboratiti eStudy was' "nUae or the'o 01 sOlPr. 'i.

furthe[ inforns3tioti on poss; ib Ic performance alteraticn u utu LO

cunlti n uluu S . cK g-t s laup loss l il asd x1 i

poteniitally bedci foct- ar s inc Ironl sub-Seciuent r vOU c-r' tr )n.T2

slteep lo:ss;.

Desccnding S§ubtractin Task. The subject is givein a jredocurmined

three-digit number and required to sequentially subtract from it the numbers

from nine Wo two. fie is to say aloud the answer derived from e~ach sub-

traction. Upon subtracting the final number two, he then begins the

sequential subtractions again from the number nine. He continues in this;

fashion, per lox-ming mental ;tibttzactions and sayingq thk iiisw,!r: ao



,~ ~ 8 6., 7. 753 ,7 I

-Mpercont o'L rrors nia4: I, fhe thr-c-m-i LJt Fa;p.r

kanim Number Generation Task. The su; ct . v ri

;a-neratc S scries of random digits- us ing the no esirz:' e t

inclusive. He says numbers aloud, In time with :a metror n) e b

c-i the iatc- of onu per secona, for 105 secondos. Analysis is in turin:-

tl~o S.O. (wabjective organization) index descrihcl au. :,wh.ch*c.i

a1 fuict,oi oi tht' fin ,:uency with which any number foi lovs arv -r Ln.:-;

i : p,-r(.d -chiiic, -~p-.ctation s

Two-Hand Coordination Task. This task ha.-- :,.n rin-v l

d'x~cnhc 1,/ ANi iw (i V)47) and i c nof tfie or! jino'Ari.r

ta sk,. . sf, -i -. aircraiL pc?-suincl. The L c~ s

to ke ep a cotitici1 cit0d ai targetA moving In an irreQgular circu-lar a;w0

by turIII og cwv [ar Ita( -cranKS.s ifiraataneIoUS lV. One crank i:nv- ,

it- a hack - or focrviird rnotion , the other at right angles from sidt- t( si,

By moving the two handles at appropriate timies , .~ad.and re 'cdutir-n

di stanice's the coil nit ot i be macic to. movc in amw direction aind at - ro -

priatc speed ini a 3e0Oc' range. Analysis is in terms ol Ltimle-on-target

during the 120 seconds It takes the target to make two cmlt

rnrvo I iions



I,-I ii. , ~ i~ -!~ v thu r2dm~t.i c as descrilL.2 blj ow.

f 2 1C~ninitiiLu ll uj porkiui ,urdmnuti

Ii~taii SI, .,ttoriipt t(.) go rorotc al I u, .2 *-s of rand ur. :it

in u~ c ondit iOn, tii 2 suoject peiformTs cach task alone-. P~r

ttjrmaitc in the rnotor task wa. of !io immeciate inic est othe-r thai.

rovid jog a n iiultaneous uver-learned task t,, piuvlc<, additio:nal cog -

ililo~e [oad doirtig th, random izationi task.

T-u Collaburative- Experiment: Procedure and Method

Trie exp,,rini ntal design of the study can be conveniuntly divwAu

into louir phases: (1) training, (2) interspersed-work-rest period,

.~)v't n L 3uL~r)work and (4) recovery period iit,.rs p, rs d -work- rest.

Iral ininq Procedures . Ddring the montli of November, 1 97.i all

I", t1i a~ l re ni ug oni the util-akprranebat ten:r.

ani else on the performaince- of the randomization and descern iSLib-

tracti,-t~ task,-. On Llib tirst (day of training , suri acts pfurfoninud. t.'

descen.1ding subtraction , then) the randomization task alone , and ii willy,

the coimbined randomization-two-hand coordination task. They the-n con-

tinucd training , alternadting between performance (A the motor c'oordination,

taisk dlUne and prerformiance of the combined randon: inimber- oordindtio)n

task. (Dii(day I , fah ublect performed 13 two-ni i utu cAOrdination tia 1,1,

iiieip [Alwith 7 Iwo, iiiimiit ('lOhibiit'd ~idti~Ioiinnihiti
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The final tasks of the session involved performing the descendirg

subtraction and random number tasks alone. Training continued on day 2,

dad thereafter, until ,ach subject attained criterion on the combined task.

The criterion established was a demonstrated auility to remain on target

fci 115 of the 120 seconds 1,_r four successive combined trials. This was,

a-, it turneu out, oii unfortunate modification of our earlier procedures.

We '.ad previous1y insisted on asymptoted performance as perfect 120-

second error-.fre trials only. The liberalization of the criterion was

made in pa;: bc caue of the difficulty of achieviiig the more stringent

(.:iterion with this sample.

The subtraction and randomization performance data were recorded

both maiiaally and by a tape-recorder. Time-on-target was manually

i(,ordeu trom the clock attached to the two-hand coordinator apparatus.

Intersporsed Work-Rest. The BAKER crew entered this phase of

the experiment boginning at 4 a.m. on Tanuary 1, 1974. For the next

48 hours they opeiated the multiple-task-performance battery panel on

a 4-4-4-12 alte;riiing work and rest schedule. This provided each sub-

joct with lb houi: f work experience and 32 hours of rest during this

phase of the study. The ABLE crew entered this phase of the experiment

at 4 pm. on January 7, 1974 and they were treated the same way except

for the 12-hour clock-time displacement for each subject.



us_36-1-Lour) Work. At 4 a.m. on January 3, 1974 the

DAKER Lari. .: K continuous work phase of the experiment. This

LI, 'ku. )riL:uoaslv over the next 36 hours. Subjects performed

t ,,. (23 , uermr diate (.Y.) and high (25,/) levels of activity per

-I. t. hO.JhOut the 36-hour period. The ABLE crew entered

p.,,,it -. i,. on January 9, 1974. Short food breaks were pro-

i, ,ing the low activity cycles.

Rh~u.v r: Period interspersed-Work-Rest. At the conclusion of the

,'',tinuus work ti subjects were allowed to sleep for a

> 6 1 ! . ai" . iity then uegan another period of 48 hours during

\VV . I, t aitinn l d work and rest on a 4-4-4-12 alternating work-rest

cy,.:. The BAKER ,rew entered this phase at 8 p.m. on January 4, 1974

1d tKi ABL. crew at P a.m. on January 11, 1974.

F'il .xeerin t was sconcluded at 8 p.m. on January 12, 1t/4.

Expe,irneiital Procedures. Beginning with the interspersed-work-

t t , ' i- , . ,xpriment, subjects performed the above tasks durinci

I *w i ov, i ai ,. ,ty portions of the major ,,xperiment. The apparatus

i., installed in a separate room, and during the last 15-minute period

31t lw 6c' activitv and the following first 15-nminute low level activty

P!ri,,, d ' 'x two-hour period subjects discontinued their test battery

to, t , i1 : i 'd tho collaborutive tasks . In the prtdetermined

;qun' ' At ,, h, hi Chariie, Delta and Ek-ho--designations A1
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individul ).x member positions-subjects e-nterc&,( *tc experimental roomr

an:ii- ,J! p-,rt,rined two two-minute combitc c nation- randomi1zatli'n

1,1" . L ~'ii- weit to a different room fry the *;o-arate tasks . Here

~turrmd un, the tape-re corder, received th d . ,-.:iding ubtraction

>ir~umber -end. performed the subtraction task fir three minutes and

ii. u'i cDeo task for two zinut,-s . Foilovwot this they rc-t-niied to the

Sw(W< batter,., room to -aentinie witth thc. nv.in experiment. TlhiLa

squtLnico of ovents continued for the 48 hours if the iitrpre-okrs

()I u Lk, xperime:!t. in all, subje~cts; performed the comnbined tesk a

L-tol ut 12 times , ihe subtraction task a tOtai Of b tiMeS, and the rando0r,,

nluMber task a total -, 6 times. The -exception. to, the above s ccein-

volvo-d waking subjects from sleep on two separd-:. woasions to perform

the as: Thcoe diata are included in the above totals.

During ihe-- (-ontiinu(,us work phase of the experiment, subjects

Q'1'iLi<: - ith thle sonme task performanc-e during low levwl acO,1vity periods.

-1 !J -rI(h subj: -, pe r formed 10 combinedprfrne-nd iatn

tiias ,subtrac.tio)n trials , and 5 random number trials during the 36-hour

fit Ork phals(e Of the experiment.

F-llowini' th~e continuous work phase subje cts jlopt io., a total of

'r),r hours. Immediately upon awakening, they entered the recovery period

J the study. During this phase each performed 12 combined motor-

i -ndori !zation trials, 6i subtraction trials and 6 random number trials. The

pro ofi :-- is outlined schematically in Table IS , and the main results for

~' IJJ coumimarized.



TABLE 15

),itlit:e ot ('ollaburative Sleep Study and Summary of Results o",
Descendina Subtraction and Random Number Tasks

Time test done Length Time DST RNG
prey. since Time per Percent (during

Pt__d Ti ial Able Baker rest rest Number errors THC) a

I 1800 0600 (8) 2 3.60 21.7 .379

Training 2 0200 1400 4 2 3.45 18.0 .364

3 1000 2200 6 0 3.55 16.3 .363

1 lbuo 0600 12 2 3.60 17.0 .352

5 0200 1400 4 2 3.40 17.5 .387

b 6 1000 2200 6 0 3.30 16.4

7 1800 0600 2 3.00 1t,.z .305

Deprivation 6 0200 1400 10 3.20 14.3 .a49

9 1000 2200 18 3.lt 15.9 .34t,

.10 1 "00 U600 26 3 .30 15.9 .6

11 j 0200 1400 34 3.85 15.3 .389

12 0800 2000 4 0 4.15 18.7 .334

13 1 1200 2400 4 4 3.13 15.2 .35-4

Reov r. 14 1800 0600 .1 2 3.20 17.3 374

15 0800 2000 12 0 3.35 lv.7 .341

16 1200 2400 12 4 2.85 14 2 .i31

17 1800 0600 4 2 2.90 11.4 .367

aThe RNG and THC combined task has been completed to asymptote peifurmailk,(t.

MI 1'HC of 4 consecutive errorless trials (115 out of 120 seconds trial length) p'rlor t(;

t! p';ase of study.\

L<~.
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D - w.trac In I.sK

Data .',na[vs . 1ac ti.o the 2 d (..,i;q s L a ct I r, ; t .V

s ,nt (III _,I I audi,) tlpe). The h f r1ns , t . vC..;. . " ; ,

se t tj th. ,iit fr Experimental Psyc-iatry, !v r. a d ..

4 t .: tlsk .a Irli re( (",It.

Two research assistants tndependentiy :1s-er.cd to t::e °-rpes, e.

rccoraed the subject's iesponses. T'he data sheets were t-en -ompared,

and any disagreements rescored. Again independently, the assistants

playce the tapes a second time, recording the length of time required fP.:

each .ubject to repeat the starting number, the length. of time, required t,.

produce each block of 8 responses, and the point at which the 3 r.,nntes.

allotted to the task was completed. They then examinae .:-e data sheet

for each repetition of the task for errors, and ciassl.ied those errors.

Data shets were then turned over to a third assistant, who

carpare(e the two data sheets for each task performan:e and, in case

of disagreement , requested that the data be rescored. All rescoririg

v. done. without re fe rence to the original scoring . Where d r -

ment as to error classification occurred, the third scorer made the fii:al

decision.

Sev-ral dependent variables were derived from the data sheets:

mean time Lt producc each number, number of errors, percent errors, time

to repeat the startirq number, items produced before the first error, and

f r,,quen, -y c var , v pe s t)t errors . () f thse , mean t1Ine pei n( Imber



,in, p -i (7(3nt eri .)rs ,.v, ti , .,st u sefu m

ra.out ,!'J be)luvv ar- bhi: 0, u-ril an these- sccr>,

leecuc .-- t ti vario nce3 a ssoc 1a ted wi .' .:i-uIclfrt

1 hy.at~alabiIi tv' 11a eaen and1C stalldo!r J miio J!, trils-

or :.a(,h if)d-ividual subjeci were computed; ia ; ,r

vrtei! to standard - ora s with mieaii of 50 aiia S~a 'acIC .: ,atica, Ic,

Subsequoin anialyscs were based upon these standari scores. R~il

for mean~ tirnt3 per number and mean percent errors ar scr.nriari : td l

Figure 3 for each of the various experimental conidit'ons-. Da3ta: foi beJth

subgroups are presented in Table 15.

Mean Time per Number

Training Period. No signific.ant differences betwee-n the

were found during the training period (raw data) altrhough tne ABLE .-rew

imnproved more ove-r the- two days than did *iiu BAKER crew CI . ?8;

df - 1 8; P -- .05). The mean:s of the four trials, wr.c on *nQ ay,

combining both groups, ware- 4.S, 3.9, 3.5 and 3.3 rosp,2 7:tvely. As

wciuld be expec.ted, practice (ffects wores4nfcat = .e>t=1,

Intermittent Work Period. come practice effect: continued intk)

the inta~rmltLe!nt work-rest period. Performidnco on day 2 was better than

on day I (F 2? . b1; (If =1 8H; p. < .0]). Thionqihout this phase ot tii,

2xperiirneit , th- wuc wis proie(i tinie s ,n ii .. ijtcts c,) :!i
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A, TIME PER NUMBE;R

4 . 40

3 . 6 0k

I I I I a~~~~i I ........ j........

B. P E R C E N T E R R 0 R S

0%

I IL

TR{IAL 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Intermittent Work-Rest Continuous Work Recovery

3 6-Hour Sleep Depriv.

FIGURE 3

Performance on Descending Subtraction Task:
A. Time per Number B. Percent of Errors

The relationships between the trials in terms of time completed, length of previous rest,
etc. , are summarized ini Table 15.



show steady improvement. Comparison of the initial (period 1) ;nd

final (period 6) presentations during the intermitt,,ti t work-rest phase

of the experiment indicated significant performi('e incrm- nt zL z. 4;

df = 9; p< .05).

Of particular interest was the effect of asking subject , to per-

form the task at the end of the rest period (periods 3 & 6) rather th..

daring the normal work period (periods 2, 4, & 5). The difference

between th I nitia I rest and work periods (trials 2 & 3) t(= 1. 71; df = 9;

p . i0) indicated that the subjects may nave experienced a greater

degree of difficulty in responding to the task requirements during the

rest period. This effect is similar to our earlier findings that awakening,

particularly from delta sleep, was deleterious to task performance. How-

ever, no such effect was observed for period 6, where ostensibly the

experimental conditions were similar. Unfortunately, we dc nt know

whether, in fact, subjects were awakened to perform the task, or whether

they wrie engaged in waking activities of their o)wn choice.

Effects of Sleep Deprivation. The onsct of the continuous work

phase of the experiment was associated with a sharp improvement in

mc:in time per number produced (for periods G & 7, t= 3.07; df = 9;

< .01). We suspect that this improvement was due to motivationai

ffects. Subjects had been training for a considerable period, and may

well hove considered the deprivation phase to be the "real" experiment.

From this point into the 36-hour continuous work, however, performance



,1 tile tisk Lkeanic worse = 6.43; df = -4,32; L <  .I t). TiL .::ear

t! nid we: i ti ly s6(Jili Ciant 8(j .21; p . 1) , iii iv other trend:

,iProt'Wl SlI , lificaticL . Thu T , performa i , w-! cn. mon,)tu,;: di 

a., sleep &epri, ation iicreased.

Effects of R *.uo".;rv from Sleep Loss. After four hous f ,

the subject- were awaiken.ed to perform the task again. A: %voul b

expected from our previous results, performance upon a;vakwnI w:

even worse than at the most extreme deprivation period, although. the

effect failed to reach statistical significance. Because no sleep data

was recorded, we are unable to determine whethei those subjects wh,

showed the most decrement in performance were also those awakencd

from delta sleep. Between periods 12 and 13 the subjects were required

to work at the performance battery and were not able to sleep; perfor.,irce,

however, improved markedly. Of perhaps greatest interest, ,we :, is

1he dramatic revtsal of performance trends, as refl.cted in this measure,

following 4 hours of sleep. During the deprivation phase a monotuic

performhmcc dci,:cemen[ can be observed (sc F'iyure 3). During pt-ricd'

12 and 13, h wevr, when subjects were a!;c required to be alert, :i,

to work at th, performance battery, performance can be seen to !-how i

marked improvement under identical conditions. It is tius apparent t!1at

providing !.uhioict is with as little as four hour,,- f rest altei 36 hours ot

continuous work had important consequences fur the individual's ability

to prt rn I fe subtraction task. Performance continued to improve



a ' .Jurnod, z CjncI 13 Ltj J * a I

in a gn~uant ncrrinhcnt in tiosk ra~n~c

I )ii a,>~itVOmoan timeo takun t(, piAducu oue:h nIuMnUi

.< r~s a F! l 12 , I3 and] 17 wt.r - . 5 3.15 an J.9 . r i:h

a p. i ~~I l 1a1a -t y had r.2cov\'c"e tfu7 : I C 'Ase v'd i t

PYantEriors

IX(,r kch subiLject and each task porfoininca ,in numrit t jf

VaIS S~i Od OL nd expres scd as a Percent of tho lumc'i (, I ItemrS hr. u~

.taiiuarUt scor (ruan 50; standard deviation - 10) Tfor tcow:- sl

aai, pito jN i ii3 sd on (ill trials . Results for tnis t :s ar ir .

I oviw .. SjwalaLIVsd but not as dir~~<> Yeva-~~si't

ii TaiL 1, ind FUijure- 4.

Nk -;i i an ha Ig(!s ii; putaranj~t erroits wer,,- toundi a a:ll- 'na

trainti~j period. T~ius , whilce speed improved, iccuilaCy re-maline2d rt:-i

Li 'sety constant.

Accuracy inmproved ow lag thW linflsItt z At work-resi phcise, of the

experiment (e.g. , between periods I and 6, 1=2.97; df = 9; p ,. .1).~

Most Of thte imprcov(,nicnt occurred durinq thu I two) periud s. Asking

;he subject to pcoititrm the tas;k during a rest pet jod did not affect error rate.

W~il(Ic moan tine pet tiumber showenj natik-cj improvemrent at

eqw'm'(i Of th-' (7cf at:a :K phase of Xjn " ptIr' lit , p, ni: WV'



I u '

due to subjects' motivation, tio such effect was observed using the purc.,1.i

, iior score .05). Deprivation had no effect o the per.':ei.tag . t e. rr r

inade,.

Percnt errors increased as a function of sudden awakui;ing Altui

four hours of sleep, although the effect was 1',, (Lf.cnt ( I . .)I

and thei showed a gradual improve-ient. The final 3 peri:,, .... 1 -

nificantiv bettor thani the first 3 recovery periods ( I I . i: I -

S< .01). Ti e overall recovery assessed by onipIrtiig pcruo. anc

17 was highly significant t_- 3.36; df = 9; L -- .01). Thus, .,': . n

effects of deprivation were not apparent during the deprivatrer, j,,a,

itself, signifi .ant and meaningful improvement occuired as suIr1_.

recovered from sloup loss.

Random Number Generation

The random number generation task measures lh,;

that is expendrd while pet forming a simultaneous ta.,-o: . T ; ;ratei t'

attentive effort required while doing another task, th(,n ti jr.:at! ? tht

deterioration in the subject's ability to generate irmbers ia:iei, v. 1;

this study a cognitive load was imposed on the subjtc-t bL hxa,':r'r A-,

perform on a two-hand coordination task. Once this task is wuli vtl-

learned, it has some of the qualities of carrying out a task "on arto ,it"

pilot," i.e. , it remains relatively effortless to maintain the L'el ot .r

that has been previously acquired. Nevertheless, the degree 0 ,i,

required tL) maintain perfect performance presumdbly varie(s i: I. iiim



o f se \71a I factors , inet ivat toialI and subj ective , inclIud ing I at., L

.dc Jprivit ion. i'lu s, wheni the subi ct ~s extreoly, tii! ed vv- -

pditthat mu"Lch gp eaLter Ot fort is required to maintain pa-.r!ec[! j

,)ii the motor skiltI, leaving less attentive energy to be a I l catt-d t; r

iidoiiiization task . Because there is litl, fu,-dback as fluWwi tP.-

sIubje(:t is doing oni the- tandomization task, it is le.ss hInA

atten-tive effut t is- primial ily directed towards this task illnt-ead )f towards

the motor task, ,which gives instant feoedback cis '.- s;uccess and provides

oni'.', i fractioni of ri seconid to anticipate correcction m v v Y a

obvious "error" is imminent. Of course , the choic - o, st.-atugy inI

determining which task is considered most important ren-tains with t he0

s ubject, and could vary thrcough the experiment.

The success of this methodology is contingent upon the adeqtiacy

of the initial training and the degree of overleariiing. Unfortunately, ini

the present study there were problems in this ruo,-:rd. While dl sub)teels

woro able to mnaintai n the asymptote performance. mc h ol the Iiroe , thertu

were many trials for allI subjects, particularly thr-ough tht, continuous

work, dcprivat on anid recovery periods, in which e-rror.s w.ere made anI

the motor skill, and less than perfect performiance was maintained. Than-

performiance on the miotor skill was not at a le2vel requirA~ by the asE,1IT-

tit ) t th4- measart III otir previous work , evt~in after fewer training

Iii!1: , '.1 nAiiii'ct: hv I.i able to mrainiiarn 'Trra 1l!ss performane

I I ' iiin 1 ur1d,1I 1iiirirnLers . Althoughi tI ii wa- not so nI the pi esunt

t i-, i ii iii' a , fwril dut, to an rrriI01tL1116t, 0'I'i, I t1 chiange the



io t!, i t n4 S SLL. rt.

It i -i 120 U s cuids , , 1! - t oun i(fici iiig Itr i in, j I

I s -4 s s ti'Il I s at I C) j (oil:-< (iji- 'tr , -

,1I was doi,-. in otd fr to save some time during the tru riinq ;,( 'J1,

th trials during the continuous work phase, which consi: if . r1.

mt,:. of 12 more combined tcials on the joint tasks before the acpn,:

piu;edere, should have provided the kind of overicarning that -,"U r, :

That tnis did not occur and that the original training criterion was i, t

aitc 1 itiy striingent may havu produced results which seemed to se

-,n1id .- ahiy more variable within subjects than we have set; i:, oar

previous work.

Although the data analysis has not been completed, at Last

three audditititi ictors seem to be affecting performance on thet com-

bined RNG-'P11(C tasks. (a) The combined two-hand coordination and

random z a ., ta ks wet dune twice during ,o:_h of the 17 triaLs. Thi s

' . : ,tt.: , I III L-'e within-subjec. .riability, but, in tact,

th. ii:lt lni, .i all conditions almost always produced higher (poorer)

.~l n.i.. tt a1 :inC itce , and greater within-gouu, %-driiability thana

C I ' i~
~
i I ',[lowing s Cmild measure. We assum, thk) i. a:.u -

vationai et,.t.ct wnich we have not previously observed in work w',,tI :

ti: k (w.ti, v, have not investigated it systemuticall,,). (i K

sueomrd to t, !;tron,; circad ian factors affecting the restsi!, Vk~ r s 1 ,nuw

['a S it thIi ;etrials that we(,re done at u a .m. by the ABLE sui)group onc

t , i.rt. I 10 ,.m.i.y the BAKER subgroup ot Wwl >.d'i poor-i
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- "lt:,. : ,* r i ccau.o: - rw r . . .- .. : e re 's .. :

•. , , L :. . Iu ;:X orc . SL.:.- ai. . iz com .'.

,!US., th- t(:.tillnj ti, r - u irng the , r.,: iv., triai- were di

2 houi.; frun the testing times of 11 :vontinucvs work and dor vatiu

trials ( . , what was initially a 6 a .m , etc. , - our --ycl. uV ,

changed to aii 8 a.m. cycle in terms o-f whi 3 . dig th.us.

( ) Prelininar'> analyses of the results suggested thdat .ndej ui<,it!,

the 5 deprivation trials there were difterences iii rancoiiz-ci sv".:.-s

aczcordlig to how loutg had elapsed silice the, las: -vst r2 &_, . Yri A

that were cunducted within a short period after th: Toiinirati ,i: ' a i I

period were significantly better and more consistent with what we would

predict from previous results than those trials conuuctea atter longer

periods had elapsed since the last recovery period. Thy d,t:rioratiGo:

of performance as a function of how long had e!apsed sirnce the subject:

rested is intriguing and requires further systematic investigation even

m thi..; data. Of course, these subjects were working on the tegular

pu:rttrmance battery continuously throughout these periods. The pooreior

roadomization sci ues and the greater within-subject ,ariabilit,, as tn,.

,dejeoct h ad been conlinuuu siyv working for longer periods of time c,.i

be a fuiictioi of fatigue, but this requires further testirg.

'Phh.iomiplicatiing factors made the preseiit results di)fficut to

e-ve it[u,. Examintl ioii of mean randomization scores for both qioups ,vei

a l trainiig per I id s and trials, without taking nto account the Th,

t,-tc)r. d l rit 1,,k :,tomisIllnI . How.eVe, t1u .i. ,' on1 rd ,i



ia -es . i t,) as that we should limit our onalysis to a rcpi~ cat i :,ct

tnc' ori,,-ial Graham and Evans (1973) finding showing the invrse

olottioo p t.etween overleatning and randomization . The effu,t ,A

depri~ai !i was compared to an appropriate baseline limited to those

:!nals which were tested immediately after ihe precedinq rest :eilod.

YIh,. c, w'1, , in fact, Trial 6 which can be (considere. an apjo>.,ri~tu

,, ierlearning period and in some ways the most api;r ccriat

baseline; Trial 12, which is the trial occurring .mmediately after the

4-hor tm s period following the 36-hour continuous work; an i Trial "

in which testi g is made after 2 additional rest peri ds of 1 oh) 12

hours; i.e. , a total of 16 hours of rest and 12 hours of intersporsed

4-hoe work sessions, or 18 hours after the end A the deprivation period.

Two other minor factors should be borne in mind. We have no

record of what the subjects did during the rest periods. Tney wero ,

the. opportunity to sleep, but may or may not hac iWne so. It Arae

reasonable ti assume that most subjects would have sIept fIr t ,,'i Es

betweon the end of the deprivation period, Trial 11, and the jid of the next

woik period, Trial 12, four hours later. Secondly, even if tic,: c,-b.-

were awakened to perform our tasks, we do not know how lO nc'v, r,,

between awakening and the task performance. Both the subtracttoio, in(C

randomization performance may well be depressed if testing b;,,L n withi:

seconds or even a couple of minutes of awakening. We assume thesL:

tests were given after full arousal, and this is particularly likely to be



iii~i ttLC rig'

rit ra:Jom nurib rpefmr.

y;C serv'ed as a lb, sell J. (2) The firn -it~ :VI

,!, ii otor cv)itin tion tasks wei c ,,-erfo rr.ed (aftu liar " '

Ilad 1 9IaCti(C t!d onl the motor task alone for 4 - 2is- id nad t,.

i vJabo: t ' percent accuracy) indicated the ofen a-, :i

per ft rmance due to L:ie Ctiidi fticalty f ty'-, -( rdlii .Or to .k.

(3) Trial 6 was c(, .t oted durina tVa 0Ol n JJ Wok S 1 0 IJ

it u, re.-I, tpetiid , inut immediately bot the .~~:*

.. 'ri (V ri. This is tlU- in,: aiv

:JJ22had - ompl>>tv

tli i. t .1 pc.rfect" trial cri.I-C i ri v i

rh:vnbndtask wa compl(.tuc; oft-i t*

w( i ati si depri':itiofl (Tn..ir I ) () i

it~ au 1 5 %v,.re performed during the recov ry iaar I Li

irv. ~iei fter tlrc 4-hour rest period thait foil w t th, -" .1i :

;.p~w:Iun Trial P) came immediately alltr 41 1 I ~
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WORK; SLEEP
BASELINE ACQUISITION DLPRIVATI,-N R :, COVERY

0 1 3bO
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N

O .340

'I

.320
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RNG Alone First Trial 6 Trial 11 Trial 12 Trial 15
Condition Combined Pre-Depri- 34 hr. Post Recovery

THC vat ion work, Recovery
Asymptote Depriv.

FIGURE 4

Random Number Generation: Interference during Continuous Work
and Sleep Deprivation and Subsequent Recovery

Ability to generate random numbers is shown during acquisition
and overlearning (Trial 6) of a motor skill (two-hand coordination),
its subsequent impairment during 36-hour sleep deprivation while on a
continuous periormance regime (Trial 11) and its following recovery
when performed shortly after 4- and 12-hour rest periods (Trial; 12
ani ,5). I



The overall analysis of variance comparn nghy s six triil

indicated significant differences occurred betw <i xt Vi st son..- ,

trials ( = 3.3k , di = 5,10; L{ < .u25). Thi , re, iou results oi F.

and Graham (1973) were replicated. The initial bas(line randomi,, n>

index of .31 j was significantly lower than the first combined tri,11

3)7 ( - 2.43, < .025). (The standard deviation of the iiet L)l :

domLzatoiUn trial alone of .065 is significantly greatci than thc ,

of scores WL, have typically observed in our previous work of aiui.

Tis indtcates the degree of performance impairment produced bU t"

addition of tho as yet unlearned motor task. At the end of the tr>.

puriod when the subject had met the criterion of 4 consecutive 'p-rfe,

trials while simultaneously saying random numbers (which took from

to 12 combined trial,), the randomization index on the combined tri3l

had recovered to .3u9, which is still significantly poorer thant

baseline (: 2.oU; p < .025). It had further recovered . 7 ,

li' 11 1 is nt :-n;n~fcantly different from the initial bas, 1:n ( I

< .20), but i. significantly different from the di,,ruptcd randomi.. .

of the iiii; .nnie rial =.397; t = I .dU; 1_ < ) o

that rwdomt/.titt.. ahilit.,'i was recovering towards th1> bai,

the task was becoining easier.

As piedicted, the randomization index on the combitnd t

deteriorated markedly after 34 hours of continuous work and s,.

v.,tiuii. Th mean of .389 is significantly worse than the re :

h, S.Iw n{W in P ,11 0 (t_ 2.30U; < K .025). This impalm, ii t ii I'-



to deploy attention to an overlearned skill shows a dremztic re:OV c;

,en alter only 4 hours of rest. The mean randomization index cfter

rastlig far 4 hours (Trial 12) recovers from . 3 9 Lo .334 (L= 2. ul

< <.025), but is certainly not different from either Trial 6 (.= .72;

< .40) or the initial random number baseline (t= .77 ; p < .4,9) . Al:

ti a next 12- hour rest period, the mean index of .342 is, as <;xpct ,

still sign iicantly less then the sleep-depriv, - npaired perfunr.....

(L 3. 5; p <.01).'1

In general, these results both replicate the original finclings

(during the training period) reported by Graham and Evans (197) ml

tentatively indicate that this procedure might be a sensitive m2asur

tjf fatigue and recovery from fatigue. A number of factors may cn4I.-

c:ate the interpretation of data derived from this tas-k; certainly, the pos-

sible ciicadian effect and the increased vanablit\ after prolonged wu:k

-it their possible interaction with recovery from fatigue effects requ:re,

trt' iitvesti1(1ition outh within the present data And in future studies.



S U M MARY

While sleep has of course always been know!, to Iaciliat lo -

covery from fatigue, there are broad individual differences in t,.tal rt-i:

requirements; further, research has shown that sleep is not 3 '.notar,

i:.!h-iiomenon ind that different aspects of sleep m:.y have spe,-:i' 'ar.c-

tional roles. The present studies follow from the reaiiz.tion that little

dat:i is available about how much and what kinds of sleep -ire ssenrij

fcr its rejuvenating effects. However, some individuals ca:- i. fac:*

short p( rods of daytimc• sleep, i.e. naps, in a manner ,i- hiclr all w.2

them to function continuously at a high level ,,f comoptc c fur , >xtnd

periods of time. This simple observation challenges widcly held assum-'

tions about sleep needs and has major practical and theoretic -, !:plicatoo-s

The studies outlined are concerned with clarifying the physiological ,-II

psychological consequences of different kinds of napping and tLw, cvIu-

.3tion of some pcriormanre mejsurcs with which we have tried t, .;ssess

the cognitive consequences of fatigue and recovery from faticue.

A sample of 430 normal young adult subjects werE Admiristercdi

anl extensive- sleep questionnaire designed to explore a nunmrer Af lit p

parameters in general as well as patterns of napping in particul. ;r. 011

the basis ,of the questionnaire responses, subjects belonging to thre(

groups were identified: (1) Replacement nappers are individuals who

utilize short periods of daytime sleep to make up for Inst nighttime

sleep. (2) A!cL[itive nappers are individuals who nap frequt-ntly regard-



less of their lev, I of fat i ue. For thesf the nap serve s irnp ,:t .

psychological run..;tions which lead to increased comfort und ( n rc.,

apparently independent of sleep loss. (3) Confirmed nor-nacppcr.. ri 1v..1-

viduals who avoid napping because, for them, it fails to ta - :>.<tar,,

of making up sle,:p loss. Thcse individuals report thot the';-

tfe-i v.i se at th( termination o: the nap than *nt,_, i " , ,

Subjlcts who were initially classifica as .,,Pical of i: .

groups were then furthcr evaluated by an extensive post-cxpeirn, rmal

intervtew Only if an investigator, blind as to the questionnaire rcsp!:-.se2,

categorized the subjects in the same manner as they had been ci.ssrlfe.::

on the basis of the questionnaire were they included in an in-depth in-,.-( s-

tigation of napping patterns. Thirty-three subjects categorized in this

way came to the laboratory to take a one-hour afternoon nap, allowing a..

evaluation of the physiological nature of their nap and an assessment ot

the subjective experience following it. Finally, these same subjects

completed a 15-ay sleep diary which permitted a detailed assessment .t

the relationship between daytime and nighttime sleep ancu provided indicj-

tions about the kinds of effects these types of naps had on Low the,. :,,it

and performed over this period of time.

A number of significant differences in napping patterns emcrged.

Most striking was the tendency on the part of appetitive nappers tu

,ycle betweenl different stages of sleep and respond more qickly to ihi

uwakening stimulus . Whren ; replacement na ppers felt more d.aft hAc

it 1h .y toll islecp ,tickly, had more delta slecp, and felt that thvY h,,Ui



I ii

slept deeply, the opposite was true for non-nJwp.cr . Most int(restina,

neither arousal variables nor physiological sleep parameters preuictu'i

sl'ep satisfaction for appetitive nappers. They wcre :nost satisfie - with

the nap if they perceived the session to be short and if they judu nH them-

selves to have been asleep for a shorter px ric of tirn, rh&1n would have

been indicated by their EEG.

The final portion of this report desc~ibk s a coilaborativt- study

carried out in conjunction with the Performance Research Laboratory of

the University of Louisville, Kentucky. This study compares thrt ra nioly

administered cognitive measures of performance moat we have bten

using with the highly sophisticated continumnis work environment as a

means of assessing performance. Preliminary findings suggt-st :ha: i:

L-ast one of our procedures is remarkably sensitive to even :e.:iveV:

mild sleep loss and dramatically reflects recovery from ratic-,me.

Thc :)esent work scems to document two meajor kino:- .'t nppi;mq

uctivity. Clea-ly, napping can serve diftercnt important functions tor

different individuals. These functions are reflucte , in the kind If physi 2-

logical activity that characterizes the individual's nap in the ' :ind of

subjective changes that follow it. Fast work has suggcstco that -icr-

formance following the nap will similarly show differential effects. I:

is hoped that as napping patterns are delineated and circumstanc( s

under which naps are particularly effective are recognized, it will hecomc

possible to teach more individuals to efficiently utilize nappinj t(, facilitate

recovery trarn fatique.
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FOOTNOTES

'Most questions could be quantified in one of three wa ,

(a) clock-time (using the 2400 hour system), or hours and rninut _:,

in response to questions about nighttime sleeping and daytime .:

P iiamues; (b rating scales--usually 4- or 5-point, occasioruilt'

(i-po int - - in which the higher the rating the rmore pos it ve, fre-q t.

,A.rcuable, ri rolevant the answer to the question; (C) yceS-Io

inswers--iin which 'Yes" was always scored as '1" and "nc" as

'0"--on to questions describing subjective sleep variables.

Iai addition, sevleral open-ended questions woro Incl _c:-j

tlirit subjhcts could make additional comments where appropriate,

Although icot ili of these lent themselves to direct quari1t6*,i%,v> ai

?W.iu gr-ateful to Dr. Henry Gleitman, liivoisity of

Pei i~y Ivn.. r g i qneroutsly allowing L..- to yi-,< the nx 1::i.'i

c~uLi~nniiLto his class.

3All p'a lie s tilrou~qhout this report for -tests and carreL i.i

~Comparisons of all 52 appetitive and 209 re-placement net V

(i.e. , including those 62 nappers whio napped less than once i a e.

of who did not find napping satisfying) yielded virtually iduntical



difference;s, although several differences were! nut a-s Iargj( a vwh ii

onl1y t li cois istont nappors are included.

This sleep questionnaire des .gned by !.'ie ( t4 s

iovided the basis for elaboiating some of out-rj a..\~t 1 so

about subjectiv-, steep satisfaction.

'The ( xporimenters were Charles Graham, rsu:c.:tn

ntroductorv interview, Harvey D. Cohen, who coinpIi;U nupp.54,,

session and all of the associated psychophys,:ologrear aear

and relevant rating scores, and Frederick J. Evans, wihe( Csm:: 1:,, -)-I

the post-experimental inquiry to confirm the questionnire subgroup

allocation of the subjects. The latter two procedures are descri'Oeci

below. Each of the investigators was blind regarding the nAo-

naire-determined subgroup membership of each subject, ann tes

investigators had no access to the informationi gathered till n

other 'emnsof the procedure by the other two researkaliers.

Fror differencos betwee _n the three selected subsaiplte:: 1c,

a(c:hl'c-e similiar levels of significance, comparec. to the oruicinI;

large qeiestionina Ire sample, much larger mean differtences W&

grOUps on the relevant variable were necessary. Hovwe(ver, tim.

re(sults reported in the p-revious section were, on the- whol,

confirmed at comparable levels of confidence.



The 12 iion-nappers seemed to prefer fewer liierrs Cof sloep

Lhi the 40 iie poers selected from] th, 4uustionimiir(- (I. - . -) , :- i

h: Iippers indicated they typically neede-d mar( st 1' ()Ihul

I non~)taii the non-niappors (/ hours arnd 2 1i~j .!lit A

0:)) . The 40 nappci s typically felt sleepy, wont to'

ealerIhan the 12 s;elected nan-flpersi .;.,

I. e, loeinainid-r of tile 169 nappers .n. t'!,- ori:jA

sar ~.Thu na1pers typicall1y\ f elt slIeepy at 10: D-2 i. e~v

P ~:.h4 1 . . f oen-la ppe rs (t =3 . 36; p < . 0021'

Xt t o i,,d 12: 22 a .i. a nd fell asleep, at 12:~ i!,

11 I:O'J) a 1n. and 1 :,)5 a.mn. for the non-ndpp, rs u 2

anrd t - 03; p < . 01; respectively) . In caritran t , r'rc wasc

10 miinute> difference between th-e ieplacement, and( a p:etv .,i:

for uac, (if these questions. However, the nappers i

eceive any more nighttime sb 'ep than the non-na p per-s

night 1)efore t hey ft led act thce quest ion: al , oiii il

regularly slept far 7 hours and 22 minutes comnpared to oa

13 minutes far the 12 non-flappers. In general, these differoncne

:ire relatively minor in view of the fact that reportect total nin.-;-t

time is about the same for each subgroup.

These nappcrs showed an even greater degree of voluntaiv

coiarol over sleep than the 169 napper subjects in the large

pi-'stionnaire sample. There were also some minor dfferoncet-.;

ill t:Wten appetitive and replacement nappers compared to th( 12 no0n-
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nappers. For example, among the appetitive nappers who slept in the

lab there was a significant tendency for them to sle, p mor, ofte., ,sa

plane trips and at a play or the theater than non-nappeis (F 05;

a < . 002) tespectively, though this was not true in the larger samplte.

Sirnilarly, replacement nappers differed from the non-nappers

(althou ih they had not done so before) while reading a book (p < . C")

•. at u movie (p < .002), and after a good meal (p < .05) . T!-,

ti.de !C to! t",e appetitive nappers to fall asleep t;f response

t,0 V.S d: mUCP more pronounced than it had been in the Iargo!

:qample (p 0 .001 1 < . 05; respectively compar'ed with nca -nappers

a ,i rpl a con-sent na ppers) .

Ttius, it would seem that the selection criteria tesulted in

.s bici s who did not differ appreciably from subjec!s 1r. :ne lacv-

te j orte mna ire sample, except for th i- tendO ' " " e re pc :i

:-;or. he t riaa e xtremely on many of the importa- t . s ona..:

'e r oblb a:,.

ilSev'n sublects had to be dropped fi-om the .tudy h

b;caus(e h, had radically changed their io pping patterns .2

frequency,, hetween the completion of 'me questionnaire and tn

subject's sleeping in the laboratory (which ranged from about one

week to V months), because the experimenter was unable to cate(oriz,

!he subiect with confidence, or because of difficulties in scoring the

ELG i ecord.



Three sub>ects were classified as appetitivc .-,appers; Ny h!c

JLId(e ,dit as replacement nappers on the, basis of the qaestco.-atr .

response. In each instance the judge indicated tha ther, werr

overtones of both kinds of napping behavior in these subjects and '.s

confidence rating was low. Most interesting was the group of 9

:;uojects who were categorized as appetitive nappers by the question-

iiaire, b.it who were rated as replacement nappers by the blind judge.

Most of these subjects were rated with less confidence than either

of the twc napper groups that were included in the study (p< .10).

Comments indicating the judge's confusion about the appropriate

grouping, such as: "witn strong appetitive overtones," "at first

fairly sure replacement napper, but as she talked a lot, had s-:-:cea

appetitive overtones--almost convinced me to change but stuck te

first impression" were recorded for 6 of these 9 subjects whereas

such comments occurred with only 2 of the 21 napper subject. wnerc

the Judge's ,itiig agreed with the questionnaire categorization

(p< .005). The, agreement between the judge's ratings and te

questionnaire catecorization thus varied from very high for th,

tion-nappers, fairly good for replacement nappers, to elatv~ly .oor

for appetitive nappers. We do not believe that the rusults for the

appetitive nlappers merely reflect the low reliability of questionnaire

categorizati l since tl ,, 9 subjects categoriz.ed corirctly by the udgt,

trred t Io b, vt, iy different physiologically from li, othr appetitivt,



',)pers. \W, S ihat gii group repi,-.;:. a syccial ub-anp .

f nap. .:s AI , :!V of wh;ich is likel% to , carifiod in f,:t re wctr":

0 i hese 11 ,ppetit-ve and 10 replacement napuers did not,

st pci t, diff c from tL. 169 qualified iappers ;.amniated by

. m7ai re florlmi which thcy were se7tU. A , i," t,, .appers

'v .,port ticv nap significantly -noic frequtit' :ca.

r. ,a:.:emc t nappr;S (19.3 and 12.9 times pEr mCe'",, :e::z-ct:vcl.:

2 7F; : 02). Appetiti v nappers were . im' ' _

!-J nap, -very day , and that they would like wal- .

,,i i,' (p <' .05). Although both groups were a1ablc of cc.,trol':: i

th, onset of sleep voluntarily in several unusual circumsranc, s,

aipetitive nappers were significantly more able to fall asleep Jruring

a Piay or movie than replacement nappers (t = 2.65; L < .02) a:,d

,w(t,., more :,ble to fall as,.,-r , :, response to stress than replaccment

is . 2.08; p < .05). ]hey were also able to fall asleep morc

readily at n, jht (i, < .02). Replacement nappers report that they

ci., 7 ss I kil y Ia nap :f tL ,y hav had a regular previous night':

slee. tha- ,ptti nappers (t :3. 19; p< .001). Similarly,

they ,eport tha! 'hr nap Is significantly more satisfactory if they

have receive b :;lo o .ep than usual on the previous night (t 1= 3. 04;

<) < .001). In aenairal, the small selected samples b-haved in much

the same mailuw as the similarly responding subjects in the iarger

,mples, ;uin.tim,: responding a little hit more so.



~ Hazards involved in interpreting small sample :-00ielatioris

aro 'iuted: while a two-tailed 10 percent significance level was

tenintlo consideration, internal consistencies in1 t- Cata 'Acre

JcdL"et (:h-ough not always rcported throughout).

2 111 order to test tho possibility that variability ratKr,

a''dCaq o, at(ms :Iiaractcrized the subg, , iDs, the stai-! 7dar

'leviat!wK! (-)V_ 15 days for each subject on each of st_.ve3raiVuiO

1l. se 5Li :.1,2011vgful score characterizing the sbc

pif rmance andJ ce,(2 ;1 iabit variability. In gen.Drai, -. ,s va~iabil-

sc-t>re on e ach questioni did not produce any interesting differene _.

between groups, and need not be discussed farther.

',A mc ,t co: iplox set of analyses is requirud to uii~avx 1'n

c~insuquocesC -1 nactinq for habitual nappers. It is neceszcrv to

con1 -~ C hose nights which 1:r-eccdec or foil,_-v-

O1 Ifvl (:Oni li 'I i h !( SPuiso5 %Vhi _-n preceded or fo, lowed a

day on which iicl iapoci:e Such cl. analysis is, of course, based

on the variable nlinb D f dIays for each subj e.t. for some subjects

mean rating<; in any nreof th,_s four- categories are based on

re-latively fe-w day.,. IN the preliminary data reported (the detailed

analysis has not been completed) a subject's averaged response for

any of these four (conhingencies was excluded if there were not at

leust thrcek .;ich occa.;ions to he avoraged.



M :ona.c R B ac i!2. I, R ~ n Pi<' own t i'!c t

lauboiot'}( h.21p Ly :cidn .r tWu a1sk, ~ .,

;"orrnl. DattLery.

;MEmnwaion of threc, s..bjcts hu.ocua

flL'trk -overed trom the initial1 combiiec trtamlL mr 'U to

- sults which I-:e much clearer Lut consistent With the c Js:.
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Unit for Experimental Psychiatry
Institute of the Pennsylvania A-,

Hospital
c by Frederick J. Evans, 1973 UEP:72SSSP

Survey of Subjective Sleep Patterns

Name: Date: ,_ __/

first middle last

Date of Birth: Sex: Class:

Address: Phone:

People vary greatly in their patterns of sleep and in their preferred times
for sleeping. We are interested in obtaining data on various patterns of night-
time sleep and also on the frequency of ability to sleep during the daytime. We
would very much appreciate your cooperation in giving us information on how
you sleep, when you sleep, and how deeply you sleep, by filling in this
questionnaire.

Please answer each question by checking the appropriate description of
the frequency of occurrence or by filling in the blanks on the questions which
have them. There is room for general comments at the end of the questionnaire.
Please answer every question.

1. How many hours of sleep did you have last night?

2. During the past year, how many hours of sleep have you

regularly had?

3. How many hours of sleep would you like to have each night?

4. How many hours of sleep do you feel you need each night?

5. Do you sleep as deeply as you would like? Yes No __

G. When you first wake up, do you typically feel slowand lethargic? (Yes

No_ ) ordo you typically feel refreshed and ready to go? (Yes No

7. Did you sleep well last night? Yes No

8. Do you usually sleep well? Yes No

9. Could you go to sleep now if you had the time? Yes No



10. Sometimes what peolAt. do before falling asleep iniliences how well they
sleep. Some people count sheep, others unwina by reading a science
fiction novel before turning off the light. Some people like a hot drink,
but this would be considered most undesirable by others. While many
of us brush our teeth before retiring, others may look under the bed.

Describe briefly those activities you typically completc iefore falling asleep

which you ieel helj you to sleep well.

11. People describe many personal preferences about the conditions under w".lch
they sleep best (e.g., some people cannot sleep with a fan bi,,wiug or.

them, others feel they cannot sleep unless they are close tj in --"-n

window).

List as specifically as you can three special conditions which are :T'.ost

likely to help you sleep well:

1. 2. 3.

List three conditions you sometimes encounter unde. whih v ,'-E .aV 2 great
deal Df difficult.y sleepinq well:

__._2. _ _ _ _ _ _ __3.__ _ __ _ _

2T

Last night ' Lsuai'.

12 Indicate the appropriate times when: Hour am/pm Hou! am '.,

a. You felt very sleepy

b. You went to bed

c. You fell asleep _ 7
d. You woke up during the night

e. You woke up in the morning

f. You got out of bed
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Some-'
Always Usually times , Rar'ly iNw

13. Do y'iu fall asleep:

a. On long car trips

b. While reading a book 1

c. While studying _ __

d. During a play, at the theater

e. On plane or train trips

; While watching a movie t -

g. During lectures and speeches

h. At times of stress -_

i. While watching TV
---

j. After a particularly good meal

14. Do you sometimes feel that you
have slept too long?

15. Do you sometimes feel that you

have not slept long enough?

16. Do you walk in your sleep?

17. Do you talk in your sleep? --_

18. Do you find sleep satisfying?

19. Do you have difficulty falling
asleep at night? .. .....

20. Are you a deep sleeper?

21. Do you wake up during the night?

22. Do you fall asleep readily?

23. Do you take catnaps duritig the
day ?



A-4.

INSTRUCTIONS FOR PART 1T

The last question you answered read:

23. Do you take -atnaps during the day?

Your answer to this question was: Always
UTsually
Sumn e ti u s .__

Rarelv
Ne ver

Like so many other things, some people nap regularly, and others

never take naps, while most people fall somewhere in between--napping on
occasions depending on a variety of circumstances. We are interested" in
studying some of the reasons why some people nap, but others do not, anri
what are some of the characteristics which account for whether people nap.
The next part of this questionnaire is divided Into two sealed sections, onne
colored green, on pages 5 - 7, and one colored blue, on pages 8 - 11. You
should complete only one of the two sections, depending on your answer to
question 23 regarding napping.

(a) IF you answered question 23 either Rarely or Never (indicating

that you rarely or never take catnaps), you should turn to the green Section 1i

on the next page (page 5), break the seal, and ccmplete it. Do not complete

the blue section beginning on page 8, and please do not break the seal on

the blue section. The information you are providing, together with what you

have already provided, is extremely important because it will be possible
to determine whether there are differences in the patterns of sleep of those
who rarely or never nap compared to those who do nap on at least somen,
occasions.

(b) IF you answered question 23 either Always, Usually or Some-
times, indicating that you catnap at least sometimes, you should turn to the
blue Section III on page 8. break the seal, and complete it. Do not complete
the green section on page 5, and please do not break the seal un the green
Section II (pp. 5 - 7). By answering the following questions, we will learn
a great deal more about the characteristics of napping.

In summary, on the basis of your answer to question 23 about how
often you nap, determine whether you should complete Section II (green) or
Section III (blue). Complete the appropriate section, breaking only its seal.
DO NOT break the seal of the section you do not have to complete.



Break the seal and continue only if you answered Question 23

either "Rarely" or "Never" (indicating you tend not to take catnaps).

Otherwise, if you do catnap, turn to the blue section (page 8).
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Section II

1. Listed below are s'cveret reasons why a person may rarely or never nap.
Please check each reason on the five point scale: 5 indicating the reasun
quite definitely applies to you; 1 indicating the reason is largely irrelevant.

Definitely Irrelevant
Applies

5 ,4 3 2 1

a. No time available .....................

b. Napping is an unpleasant experience

c. I do not have any need to nap ............

d. Napping interferes with my work (studying)

e. Napping interferes with my leisure
entertainment .........................

f. I would not be able to fall asleep .........

g. I would not feel any better after napping..

h. I would not feel any less tired after napping

i. If I napped, I would not be able to sleep
well at night ..........................

i. I already get enough sleep, so do not
need to nap ............................

k. Napping produces unpleasant physical
aftereffects ...........................

1. Napping produces unpleasant mental
aftereffects ...........................

ra. Resting without failing asleep is more

beneficial .............................

n. Napping is a sign of laziness ............ .

o. Other reasons (specify)

2. Which, in order of importance, of the above reasons, are your main reasons
for not napping? 1 2 3

Which of the above reasons are least important? I
2 3



3. Wis there a period of time when you did take naps at least somettimes
Yes No When?

4. 1Hr am/pm

a. What time of the day do you usually feel most alert and awake?

b. What time of the day do you usually feel most tired and sleepy71

c. What time of the day do you feel you work most efficiently?

3. What time of the 24 hour day would you most prefer to go to
sleep? J

5. Under what ideal conditions would you be most likely to nap?

6. What do you think are the main differences between naps and regular slee,,:,

7. In what other ways do you think a person who regularly naps might differ
from a person who never naps?

8. In our attempts to explore the characteristics of napping and nonnapping
behavior, we have undoubtedly failed to mention several aspects of
your own behavior and thoughts about the topic. Any ther comments
that you feel might be relevant would be extremely valuable to us.



Break the seal and continue only if you answered Questbi 23

either "Always, " "Usually" or "Sometimes" (indicating y3u do take

catnaps on at least some occasions).



Section III

1. How often do you take naps? per month or 7 per week

2. When did you last nap? Day Time from: until:

Hr. am/:,mni

3. What time of the day do you prefer to nap?

4. What time of the day do you least like to nap?

5. What time of the day do you feel most tired and sleepy,

6. What time of the day do you feel most alert and awake?

7. What time of the day do you feel you work most efficiently ?

Hrs.; in,

6. How long would the ideal nap last for you?

9. What is the longest period of time you nap ?

10. What is the shortest period of time you nap?

11. When napping, how long does it take to fall asleep?

12. When you do nap, how long does it typically last?

S3. How long after you awaken in the morning does it take
before you are ready to take a nap?

14. How long before you plan to go to bed for the night would
be the minimum time you would plan not to take a nap?

15. Check which of the following alternatives you think you
would prefer:

i. A regular (8 hours or so) continuous night's sleep

ii. Several short naps throughout the 24 hour day
when you felt tired.
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Defi- Pos- Pos- 1 Defi-
nitely sibly sibly n! tel y

YES YES NO N O

16. Could you fall asleep and nap every
day if you had the time?

17. Would you like to be able to nap
regularly in the daytime?

18. Do you find that naps are generally
very satisfying?

19. Do most of your naps occur "acci-
dentally" or involuntarily (e.g.,
while reading, watching TV, etc)?

20. Do you voluntarily like to nap when
you have the time?

2 1. Would you like to have the chance
to nap more often than you do?

22. Do you awaken from a nap feeling
more weary and tired than when
you fell asleep?

23. Does napping improve your ability
to work (at a task, study, etc.)
when you awaken?

24. Does napping improve your ability
to concentrate after you awaken?

25. Are you less likely to nap if you
got a regular night's sleep the
previous night?

26. Is a nap more satisfying if you re-
ceived less than a regular
night's sleep the night before?

27. Do you nap even when you do not
feel very tired?

28. Could you nap almost any time
during daytime hours?



A-li.

29, What are the conditions under which you are most likely to nap?

30. Do you sometimes feel that a nap was not very refreshing, and that
perhaps you wish you had not napped? If Yes, what is
it about the circumstances that leads you to think so; why do you
think some naps are like this?

31. What do you find are the main differences between regular sleep
and naps?

32. In our attempts to explore the nature of napping, we have undoubtedly
failed to mention several aspects of your own napping behavior.

4 Any other comments that are relevant to naps that you take would
be extremely valuable for us.
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® Emily Carota Orne, 1973 Patterns ot Sleep Questionnaire

Foiri SD: Sleep Dj.y

Nar_: Da y:

First Middle Last

D,tto:_ /_ /._ . Time of day:
hour a.m. or p.m.?

Instructions:

People vary greatly in their patterns of sleep and in their preferred

times for sleeping. We are interested in obtaining data on various patterns
of nighttime sleep and also on the frequency of the ability to sleep during the

daytime. You have previously completed a questionnaire regarding your

general sleep patterns and we would very much appreciate your cooperation
in giving us further information regarding how you slept last night by filling

in this questionnaire.

For consistency of the data it would be helpful if you could complete

the diary as soon after getting up in the morning as possible. Most people
find that keeping the sleep diary on a small table or chair close to the bed

aids in reminding them to answer the sleep diary questions upon arising for

the day.

Please answer each question by checking the appropriate description
of the frequency of occurrence or by filling in the blanks on the questions

which have them. There is room for general comments near the end of the
questionnaire. Please answer every question.

1. How sleepy are you now?

very sleepy, drowsy normally tired for this time of day

in a normal wake state wide awake, too awake to sleep_

2. Did you sleep well last night?

3. How deeply did you sleep last night?

very lightly; very deeply:
as lightly as , , . , , , as deeply as

I have ever 1 2 3 4 5 6 7 8 9 10 1 have ever
slept, slept.

L
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4. What time did you wake up this morning?
hour a.m. or p.m.?

S. What time did you get up this morning?
hour a.m. or p.m.?

6. What time did you go to bed last night? _

hour a.m. or p.m.?
7. Approximately what time did you go to sleep? _

hour a.m. or p.m.?

8. About how long did it take you to fall asleep last night? ______ s _minute

hours minutes

9. a. Did you wake up during the night? :, yes [ no b. How many
times ? c. Roughly how long each time?

10. a. Did you get up during the night, ] yes 7 no

b. How long? _

hours minutes

11. How many hours did you sleep last night?

12. a. Did you dream last night= F- yes D- no b. If so, do you recall

the general content of any of the dreams ? I- yes 0 no

13. Have you taken any medications in the past 12 hours (e.g., No-Doz,
Darvon, aspirin, cold pills, penicillin, Codeine, hayfever pills, etc.)?

Please list:-

14. Did you perform any special or any more than usual, physical exercise

yesterday---ven if only for a short time? [1 yes F] no If yes,
please describe briefly:

Time of Day: from to
hour a.m. or p.m.? hour a.m. or p.m.?

15. Did you concentrate especially hard, oi more than usual, on any special
task ye' i y? Li yes 0 no If yes, please describe the task briefly:

- . Whe;. yesterday did you feel most tired ?
hour a.m. or p.m. ?

iII the tiredness last?

hours minutes

r .mqafternoon and evening separately, please
L-- -ply what tOrne "to, felt tiredest, and how long the

Afterr ' mr, Evening

fr, rr. to
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17. At any time yesterday did you have the impression that you were "fighting

off" sleep orthat your eyes kept closing "against your will"? [- yes 7 no

b. If yes, approximately when? _ S__a m.o P m._ho ur a.m. or p.m.?

18. a. At any time yesterday, were you ever so tired that you had difficulty con-

centrating on a task which you were trying to accomplish? I yes E no

b. If yes, from: : to _ _

a.m. or p.m. ?

Please describe briefly the task:

19. a. Did you take any naps yesterday? b. If so, how many?

c. How long? from _ to
a.m. or p.m. ? a.m. or p.m.?

d. How did you feel when you got up?

e. Was the napa good one? __ yes L no

20. During what time period yesterday did you feel the most awake?
from: : to : _________

a.m. or p.m.?

2 1. Approximately how many hours yesterday were you

in c la s s e s h o u r s s tu d y in g _ a t w o rk h o u r s
~ hours #f hours V hours

other tasks or activities requiring concentration---
please specify briefly -' hour.

22. Additional comments regarding your sleep last night or about your wake-
fulness or drowsiness yesterday.

23. How sleepy are you right now?

wide awake; the need for
absolutely n.- sleep is ver-
desire to 1 2 ,3 4 5 6 7 8 9 iowhelmmi; sleep
sleep or rest -is unavoidable

24. Could you go to sleep now if you had the time? lI yes [] no
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